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"...  the  ice  was  observed  to  move  ...  with  terrific 
force,  ...  and  as  the  current  set  in  on  the  build¬ 
ings  the  ice  followed,  and  carried  away  the  Cow 
House,  forge  and  Morrisons  and  Dreavers  dwelling 
Houses.  Our  situation  ...  was  truely  awful,  women 
screaming,  children  crying  ...  cattle  lying  drowned 
in  the  yard  . . .  ice  in  great  masses  about  the 
buildings,  and  some  driving  with  fearful  force 
over  the  plantation,  the  mens  house,  carpenters 
shed  buried  to  the  eaves  in  water  and  . . .  scarcely 
anything  could  be  observed  that  did  not  . . .  in¬ 
crease  the  horrors  of  the  scene." 
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PREFACE 

This  monograph  describes  a  fascinatingly  original  and 
valuable  investigation  into  the  historical  climatology  of  Canada. 

The  methods  used  are  those  of  the  modern  social  scientist,  but  the 
objects  studied  are  environmental  -  in  this  case  freeze-up  and 
break-up  dates  of  estuaries  around  Hudson  Bay  between  1714  and 
1871. 

The  techniques  are  quantitative,  and  are  basically  those  of 
content  and  contingency  analysis.  These  have  been  applied  in 
recent  years  to  a  wide  variety  of  historical  texts,  but  the  bias 
of  the  investigators  has  been  towards  social,  economic  and 
political  sources,  rather  than  environmental.  The  present  monograph 
adapts  the  technique  to  the  interpretation  of  journal  records  of 
freeze-up  and  break-up  along  the  southern  shores  of  Hudson  Bay. 

What  emerges  is  that  the  technique  adequately  and  nearly  objectively 
converts  textual  sources  into  numerical  data. 

Reconstructing  climate  from  weather  journals  is  not,  of  course, 
new:  Manley  and  Ladurie  have  made  their  reputations  from  it.  But 
the  present  monograph  seems  to  me  to  set  the  whole  process  several 
steps  forward. 


F.  Kenneth  Hare 

, .  September  17,  1975 

Institute  for  Environmental  Studies 

The  University  of  Toronto 


Digitized  by  the  Internet  Archive 
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INTRODUCTION 


This  study  uses  the  method  of  content  analysis  to  identify 
dates  of  freeze-up  and  break-up  from  historical  descriptions  of 
these  events.  In  so  doing,  it  introduces  the  environmental 
scientist  to  a  method  which  has  been  identified  as  one  of  the 
basic  innovations  in  the  social  sciences  of  this  century.^  Its 
general  purpose,  therefore,  is  to  demonstrate  the  use  of  content 
analysis  as  a  method  capable  of  yielding  objective  and  valid 
environmental  data  from  descriptive  historical  sources.  Although 
the  specific  procedures  employed  in  the  study  relate  to  the 
reconstruction  of  dates  of  freeze-up  and  break-up,  they  can  be 
modified  for  use  in  any  environmental  research  into  descriptive, 
historical  accounts. 

Chapter  I  of  the  monograph  is  introductory  and  has  two  major 
objectives.  On  the  one  hand,  it  briefly  examines  the  general 
problems  that  confront  the  environmental  scientist  in  historical 
research  and,  on  the  other  hand,  it  shows  that  certain  method¬ 
ological  characteristics  of  content  analysis  recommend  it  as  more 
suitable  for  the  solution  of  these  problems  than  traditional 
methods  of  historical  investigation.  Chapter  II  is  concerned  with 
the  nature  of  content  analysis  and  describes  the  terms  and 
procedures  of  the  methodology  as  it  has  been  applied  in  this  study. 
Subsequent  chapters  are  devoted  to  a  step-by-step  application  of 
the  method  to  historical  descriptions  of  freeze-up  and  break-up 
of  four  river  estuaries  on  Hudson  Bay  in  the  eighteenth  and  nine¬ 
teenth  centuries.  The  descriptions  are  derived  from  daily 
records  by  personnel  of  the  Hudson's  Bay  Company  during  this 
period,  and  relate  to  the  estuaries  of  the  Moose,  Albany,  Hayes 


1.  Deutsch,  K.W. ,  Platt,  J.  and  Senghaas,  D.,  "Conditions 

favouring  major  advances  in  the  social  sciences,"  Science , 
Vol .  171,  1971,  pp.  252-7. 
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and  Churchill  Rivers. 

Chapter  III  describes  and  assesses  contemporary  standards 
and  norms  for  the  observation  of  freeze-up  and  break-up  in 
Canada.  In  Chapter  IV,  content  analysis  frequency  counts  are 
used  to  establish  the  degree  to  which  contemporary  standards  and 
criteria  can  be  applied  to  the  historical  observations  made  by 
the  Hudson's  Bay  Company  journalists.  The  results  of  these 
investigations  are  combined  in  Chapter  V  to  establish  the  proce¬ 
dures  for  retrieving  the  dates  of  freeze-up  and  break-up  from  the 
documents.  This  requires  posing  the  questions  that  are  to  be 
put  to  the  documents  in  the  form  of  explicit  categories  of 
analysis,  and  devising  rules  whereby  the  retrieval  of  the  requi¬ 
site  information  via  the  categories  is  to  be  achieved.  In 
Chapter  VI,  these  procedures  are  implemented  on  a  sample  of  the 
historical  accounts  in  order  to  test  the  reliability  or  objec¬ 
tivity  of  the  method. 

Following  the  reliability  testing,  a  full-scale  analysis  was 
conducted  to  retrieve  the  dates  from  the  entire  body  of  manuscript 
accounts.  The  problem  of  validating  these  dates  is  discussed  in 
the  first  part  of  Chapter  VII  and,  in  the  second  part,  validity 
tests  are  conducted  upon  certain  types  of  dates  selected  for 
this  purpose.  Finally,  a  list  of  the  selected  dates  of  freeze- 
up  and  break-up  embracing  the  period  1714-1871  is  appended  for 
the  estuaries  of  the  Moose,  Albany,  Hayes  and  Churchill  Rivers. 


CHAPTER  I 


HISTORICAL  RESEARCH  AND  THE  MEASUREMENT 
OF  ENVIRONMENTAL  CHANGE 


While  his  counterparts  in  the  social  sciences  and  humanities 
formulate  complex  questions  pertaining  to  human  behaviour  in 
historical  time,  the  environmental  scientist  has  traditionally 
cast  himself  in  the  role  of  the  brusque  investigator  who  would 
like  direct  answers  to  direct  questions.  Has  temperature  or 
growing  season  increased  or  decreased?  When  were  the  major  peaks 
and  troughs  and  what  were  the  rates  of  change  between  these  inter¬ 
vals?  These  would  all  appear  to  be  more  tangible  questions  than 
any  that  might  be  asked  about  foreign  policies  or  economic  systems. 
Yet  yearly  or  decadal  changes  in  foreign  policy  are  often  catas¬ 
trophic  and  therefore  much  more  prominent  in  the  historical  record 
than  any  slight  environmental  fluctuations  that  might  have 
accompanied  them. 

In  discerning  historical  changes  of  this  nature,  however,  the 
fundamental  problem  does  not  lie  in  any  inherent  characteristics 
of  environmental  change.  Rather,  the  fundamental  difficulty  lies 
in  the  nature  of  the  evidence,  or  of  the  measurements  available 
to  describe  such  change.  Essentially,  the  detectability  of  any 
change  is  as  much  a  function  of  the  accuracy  and  sensitivity  of 
the  measuring  instrument  as  it  is  of  the  processes  that  produce  it. 
For  the  most  part,  the  evidence  employed  by  the  environmental 
scientist  is  comprised  of  standardized  observations  whose  accuracy 
and  sensitivity  have  been  judged  by  the  scientific  community  as 
sufficient  to  measure  changes  in  the  processes  under  investigation. 
Although  records  comprised  of  data  of  this  sort  can  be  analysed 
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virtually  at  face  value,  most  research  into  the  historical  period 
does  not  have  available  to  it  scientific  measures  of  this  sort. 

In  exploring  the  historical  past,  in  consequence,  the  scientist 
must  resort  to  entirely  different  and  unfamiliar  kinds  of  evidence. 
In  so  doing,  he  must  pose  his  questions  in  ways  that  are  more  akin 
to  those  of  the  historian  than  those  of  his  colleagues.  Like 
those  of  the  historian,  his  questions  must  be  formulated  with  as 
much  regard  for  the  nature  of  the  evidence  as  for  the  problem  under 
investigation.  To  the  historical  scholar,  in  consequence,  the 
blunt  questions  of  the  environmental  scientist  are  often  crude 
instruments  in  a  very  delicate  surgery. 

A.  The  Problem 

It  is  well  to  remember  that  the  use  of  historical  documents 
is  thrust  upon  the  environmental  investigator  by  the  lack  of 
scientific  data  throughout  much  of  historical  time.  It  is  (thus 
from  necessity,  and  not  by  preference,  that  he  turns  to  descriptive 
accounts  of  the  phenomena  under  investigation.  In  resorting  to 
evidence  of  this  nature,  however,  the  analyst  must  recognize  that 
he  is  attempting  to  extract  scientific  information  from  ostensibly 
unscientific  sources.  This  problem  is  a  real  one  insofar  as  he 
must  rely  upon  the  observations  of  predecessors  whose  perceptions 
and  descriptions  of  these  phenomena  cannot  easily  be  ascertained. 
Unless  these  can  be  measured  and  tested,  the  nature  of  the 
documentary  observations  relative  to  their  contemporary  counter¬ 
parts  cannot  be  assessed,  and  their  value  in  ascertaining  past 
environmental  conditions  will  be  speculative  at  best. 

Observational  problems  of  this  nature  are  endemic  to  all  forms 
of  historical  enquiry.  They  are  also  endemic  to  the  environmental 
sciences  where  they  are  negotiated  by  standardized  procedures  of 
observation.  Contemporary  standards,  however,  cannot  be  imposed 
upon  the  historical  record.  At  best  one  can  hope  to  interpret, 
without  distortion,  the  standards  and  observations  of  past  obser¬ 
vers,  and  to  compare  them  with  contemporary  standards  and 
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observations.  Only  under  these  conditions  can  there  be  establish¬ 
ed  a  valid  basis  for  the  measurement  of  historical  change. 

B .  The  Method 

Where  documentary  or  descriptive  evidence  for  environmental 
change  is  investigated,  it  is  suggested  here  that  the  conditions 
for  measuring  such  change  can  best  be  satisfied  using  the  techni¬ 
ques  and  procedures  developed  by  content  analysis.  One  of  the 
greatest  strengths  of  content  analysis  is  its  ability  to  yield 
numerical  data  from  lexical  and  other  essentially  qualitative 
sources.  On  the  one  hand,  this  permits  ascertaining  or  measuring 
the  standards  and  norms  employed  by  past  observers  with  much  more 
precision  than  classical  techniques  of  historical  analysis  permit. 
And  on  the  other  hand,  the  conversion  of  the  historical  obser¬ 
vations  into  numbers  facilitates  ready  and  precise  comparison  with 
their  contemporary  counterparts. 

The  most  widespread  technique  whereby  textual  material  is 
given  quantitative  expression  in  content  analysis  is  the  frequency 
count.  In  this  procedure,  inferences  from  text  are  derived  strict¬ 
ly  from  the  frequency  with  which  specified  symbols  or  themes  appear 
within  it.  Associated  with  frequency  counts  are  measures  of 
intensity  and  direction  of  assertions  within  text.  Contingency 
analysis,  which  has  been  termed  the  wave  of  the  future  in  content 
analysis,"*"  is  employed  when  researchers  shift  from  single  variable 
analysis  to  multi-variate  analysis  within  text.  "Contingency 
analysis  asks  not  how  often  a  given  symbolic  form  appears  in  text, 
but  how  often  it  appears  in  conjunction  with  other  symbolic  units." 
There  are  few  historical  documents,  whether  they  be  lexical, 
audiogenic  or  even  iconographic  in  nature,  that  will  not  allow  of 


1.  Stone,  Philip  J.  et.  al.  (eds.).  The  General  Enquirer:  A 
Computer  Approach  to  Content  Analysis ,  Cambridge,  1966,  p.  261. 

2.  Pool,  I.  de  S.  (ed.).  Trends  in  Content  Analysis,  Urbana,  1959, 
p.  196. 
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quantification  using  these  techniques.  As  an  analytical  method, 
in  consequence,  content  analysis  permits  the  application  of  math¬ 
ematics  and  statistics  to  virtually  the  entire  range  of  source 
materials  that  might  be  employed  in  any  historical  enquiry. 

The  literature  on  climatic  change  in  the  historical  period, 
it  might  be  observed,  includes  many  examples  of  numerical  inter¬ 
pretations  of  documents.  For  the  most  part,  these  have  been 
confined  to  lexical  sources,  although  there  have  also  been  highly 
imaginative  analyses  of  iconographic  evidence,  including  analyses 

of  the  faunal  and  floral  contents  of  Egyptian  cave  paintings  and 
3 

rock  drawings,  and  studies  of  cloud  content  in  English  and  Dutch 
paintings.^  Content  analysis,  however,  consists  of  much  more  than 
the  conversion  of  qualitative  information  into  numerics,  and  none 
of  these  studies  can  be  considered  as  formal  applications  of 
content  analysis  methodology. 

Content  analysis  has  been  defined  as  "...any  research 
technique  for  making  inferences  by  systematically  and  objectively 
identifying  specified  characteristics  within  text."^  It  has  also 
been  loosely  described  as  "...a  multipurpose  method  developed 
specifically  for  investigating  any  problem  in  which  the  study  of 
communication  content  serves  as  the  basis  for  inference."^  Most 
scholars  in  the  social  sciences  and  humanities  are  involved  in 
one  way  or  another  with  the  analysis  of  communication  content  and 
such,  almost  by  definition,  is  the  case  in  all  historical  enquiry. 
It  is  not  surprising,  therefore,  that  content  analysis,  which 
originated  in  the  social  sciences,  is  increasingly  being  used  in 
the  humanities.  It  should  also  prove  valuable  in  studies  of 


3.  Butzer,  K.W. ,  "Climatic  Change  in  Arid  Regions  Since  the 
Pliocene,"  in  L.D.  Stamp  (ed.),  A  History  of  Land  Use  in  Arid 
Regions ,  Arid  Zone  Research,  17,  Paris,  1961,  pp.  39-42. 

4.  Lamb,  H.H. ,  "Britain's  Changing  Climate,"  Geographical  Journal, 
Vol.  133,  1967,  pp.  445-466. 

5.  Stone,  op .  cit . ,  p.  5. 

6.  Holsti,  O.R. ,  Content  Analysis  for  the  Social  Sciences  and 
Humanities ,  Don  Mills,  1969,  p.  2. 
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environmental  conditions  during  the  historical  period,  since 
descriptive  accounts  have  long  been  recognized  as  useful  indicators 
of  environmental  change.  Manley,  for  example,  has  termed  certain 
sources  of  this  nature  "non-instrumental  diaries"  and  has  included 
them  in  one  of  five  principal  categories  of  evidence  of  climatic 
variation.  The  importance  of  such  sources,  as  well  as  the  need  for 
a  systematic  method  of  analysis,  has  more  recently  been  articulated 
by  Ladurie  in  the  context  of  medieval  Europe: 

"There  are  plenty  of  unpublished  texts  describing  the 
winters,  summers,  inclemencies,  droughts,  floods,  and 
so  on,  for  this  or  that  year  of  the  fourteenth  or 
fifteenth  century.  Such  evidence  abounds  in  all  the 
manorial,  legal,  ecclesiastical,  and  administrative 
archives.  System  is  what  is  needed.  These  texts 
should  be  used  to  establish  valid  series,  by  region, 
year,  season,  or  even  month,  by  kind  of  climatic 
phenomenon  (cold,  heat,  drought,  humidity,  etc.), 
and  by  intensity  of  climatic  phenomenon.  All  this 
should  be  done  with  the  aid  of  the  most  up-to-date 
classifying  techniques,  including  computers. 

Content  analysis,  in  contrast  to  the  classical  traditions  of 
analysis  normally  employed  by  historians,  attempts  to  bring  order 
into  studies  of  textual  information  through  the  explicit  applica¬ 
tion  of  standard  methods  of  scientific  investigation.  In 
principle,  it  requires  the  formulation  of  explicit  propositions, 
the  development  of  relevant  categories  of  analysis  and  the  system¬ 
atic  and  objective  collection  of  information  to  test  the  initial 
formulations.  These  procedures  are  contrary  to  those  of  the 
classical  historical  method  in  which  the  eminent  scholar,  having 
read  with  meticulous  care  the  documents  pertaining  to  a  problem, 
makes  his  own  judgements  about  that  problem.  The  acceptability 
and  quality  of  judgements  of  this  nature  are  conditioned  as  much 


7.  Manley,  Gordon,  "Reviews  of  Modern  Meteorology  -  9,  Climatic 
Variation,"  Quarterly  Journal  of  the  Royal  Meteorological 
Society ,  Vol.  79,  1953,  p.  188. 

8.  Ladurie,  Emmanuel  Le  Roy,  Times  of  Feast,  Times  of  Famine:  A 
History  of  Climate  Since  the  Year  1000,  London,  1971,  p.  268. 
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by  the  mind  of  the  reader  as  by  the  documents  he  has  read.  Content 
analysis,  in  contrast,  seeks  to  eliminate  this  subjective  element 
by  ensuring  that  the  quality  of  the  inferences  is  set  by  tested  and 
standardized  procedures,  and  not  by  the  intellectual  powers  of 
the  individual  reader. 

Thus,  one  of  the  major  aims  of  content  analysis  is  to  achieve 
such  a  high  degree  of  objectivity  that  different  readers  will  make 
the  same  judgements  about  a  problem  when  provided  with  the  same 
materials,  rules  and  procedures.  Indeed,  the  only  test  for 
reliability  or  objectivity  is  the  extent  to  which  similar  results 
are  obtained  by  different  readers  from  the  same  source.  If  the 
rules  and  procedures  governing  the  operation  of  the  analysis  can 
be  made  sufficiently  explicit,  the  analysis  can  be  computerized  and 
the  problem  of  subjectivity  completely  eliminated.  Finally,  content 
analysis  requires  that  the  validity  as  well  as  the  reliability  of 
the  analysis  be  tested.  This  requires  comparing  the  data  yielded 
by  the  analysis  with  contemporary  data,  a  procedure  which  can  be 
accomplished  in  a  formal,  mathematical  manner  by  virtue  of  the 
quantification  procedures  of  the  methodology. 


CHAPTER  II 


TERMS,  PROCEDURES  AND  ANALYTICAL  INFRASTRUCTURE 
OF  CONTENT  ANALYSIS 


Content  analysis  has  been  developed  to  the  point  where  the 
multiple  techniques  and  jargon  employed  in  its  application 
constitute  a  formidable,  if  not  baffling,  barrier  between  its 
practitioners  and  those  wishing  to  familiarize  themselves  with 
the  method.  In  essence,  however,  it  involves  little  more  than 
the  classification  and  enumeration  of  information  conveyed  in  any 
kind  of  communication.  This  chapter  is  concerned  with  elucidating 
the  specific  procedures  and  terminology  employed  in  content 
analysis  in  order  to  equip  the  reader  with  a  basic  understanding 
of  how  these  objectives  of  classification  and  enumeration  are 
achieved  and  tested.  Following  this,  the  chapter  shows  how  the 
different  procedures  of  content  analysis  are  interconnected. 

A.  Terms  and  Procedures 

Content  analysis  is  a  method  which  involves  putting  questions 
to  communication  content.  It  is  distinguished  from  traditional 
methods  of  investigating  communication  content  by  the  ways  in 
which  it  poses  questions  and  derives  and  tests  the  information 
required  by  the  questions.  In  the  environmental  sciences,  the 
initial  formulation  of  the  question  will  depend  not  only  upon  the 
nature  of  the  environmental  process  under  investigation  but  also 
upon  the  documents  that  describe  it.  In  the  former  case,  the  input 
into  question  posing  is  in  terms  of  the  contemporary  standards  and 
norms  for  measuring  the  phenomenon  being  studied.  In  the  case  of 
dating  freeze-up  and  break-up,  contemporary  standards  and  norms  are 
the  definitions  or  official  criteria  employed  to  date  specific 


events  in  these  two  processes. 


The  input  into  question  posing  from  the  documents  is  also 
conceived  in  terms  of  standards  and  norms.  Generally,  these  are 
not  explicitly  stated  in  historical  documents  and  must  be  inter¬ 
preted  from  their  contents.  Once  this  has  been  achieved,  the 
historical  standards  and  norms  can  be  compared  with  their 
contemporary  counterparts  and  the  question  posed  in  the  light  of 
the  relationship  between  the  two.  Thus,  in  its  initial  stages, 
question  posing  in  content  analysis  is  controlled  by  two  inputs: 
the  communication  content  and  the  theoretical  framework  of  refer¬ 
ence  (Fig.  2.1). 

Although  questions  derived  in  this  manner  can  be  put  in  a 
variety  of  forms,  a  precise  format  is  required  in  content ' analysis . 
Question  posing,  in  consequence,  further  requires  that  the  question 
be  formulated  in  ways  that  will  yield  systematic,  numerical 
answers.  This  involves  resolving  the  question  into  categories  into 
which  the  relevant  information  can  be  logged.  It  also  requires 
specifying  the  ways  in  which  the  information  is  to  be  derived  from 
the  documents  and  entered  into  the  categories. 

The  categories  serve  as  the  operational  link  between  the 
communications  content  and  the  theoretical  framework  of  reference. 
"The  problem  of  category  construction  is  widely  regarded  as  the 
most  crucial  aspect  of  content  analysis.  It  is  the  step  in  which 
the  data  are  tied  to  theory,...  ."1  In  their  construction,  the 
categories  should  be  exhaustive,  mutually  exclusive  and  independent, 
and  derive  from  a  single  classification  principle,  as  is  required 
in  any  system  of  scientific  classification. 

The  development  of  categories  is  also  the  first  step  in  the 
development  of  coding  procedures,  or  the  procedures  by  which  the 
raw  information  in  the  documents  is  systematically  transferred  into 


1.  Stone,  Philip  J.  et.  al.  (eds.).  The  General  Enquirer :  A 
Computer  Approach  to  Content  Analysis.  Cambridge,  1966,  p.  9. 
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Fig.  2.1  THE  INITIAL  FORMULATION  OF  THE  QUESTION  IS 
DETERMINED  BY  THE  COMMUNICATION  CONTENT  AND 
THE  THEORETICAL  FRAMEWORK  OF  REFERENCE. 
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Fig.  2.2  RESOLUTION  OF  THE  QUESTION  INTO  THE 
CODING  FORMAT. 


numbers  in  the  categories.  These  procedures  involve  unitizing, 
which  requires  specification  of  the  units  in  the  text  that  can  be 
recorded  in  the  categories  (recording  units) ,  as  well  as  the 
units  that  can  be  scrutinized  for  each  series  of  category  entries 
(context  units) .  Unitizing  further  requires  specification  of  the 
way  in  which  the  category  entries  will  be  expressed  in  numerical 
terms  (unit  and  system  of  enumeration) .  The  rules  governing  the 
identification  and  delimitation  of  these  units  are  the  coding 
rules,  and  these  serve  to  operationalize  the  categories  in  the 
content  analysis.  These  components  of  the  coding  process  are 
shown  in  Fig.  2.2. 

If  the  information  required  from  the  documents  is  to  be 
retrieved  via  the  categories  in  a  numerical  fashion,  this  places 
immense  constraints  upon  the  ways  in  which  the  categories  can  be 
employed  to  extract  the  information  required  as  it  necessitates, 
in  the  case  of  written  documents,  the  conversion  of  lexical 
material  into  numbers.  In  most  content  analyses  this  is  limited 
to  the  enumeration  of  the  appearance  or  non-appearance  of  the 
attributes  of  the  text  relevant  to  the  question  or,  as  is  more 
often  the  case,  to  the  enumeration  of  the  frequency  with  which 
these  atrributes  appear  in  selected  portions  of  the  text.  /More¬ 
over,  the  enumeration  can  be  effectively  accomplished  only  if  the 
lexical  characteristics  to  be  quantified  are  precisely  identified. 
Thus,  the  unit  of  enumeration  may  be  a  single  word  and  its 
specified  synonyms,  or  a  theme  contained  in  several  words. 
Obviously,  the  theme  is  more  difficult  to  enumerate  consistently 
than  the  single  word  because  its  identification  requires  inter¬ 
pretation  on  the  part  of  the  coder.  However,  the  degree  to  which 
the  theme  can  be  consistently  recorded  may  be  greatly  enhanced  by 
the  specification  of  coding  rules  regarding  its  identification. 
Moreover,  because  it  is  recorded  numerically,  the  analyst  can 
readily  assess  the  impact  of  subjective  interpretation  upon  his 
coding  procedures.  He  can,  therefore,  reformulate  his  categories 


and  coding  rules  to  reduce  the  degree  of  subjectivity  in  the 
analysis.  Although  content  analysis  requires  breaking  down  the 
question  into  categories  that  yield  numerical  information  of  a 
very  restricted  kind,  the  ways  in  which  information  of  this 
nature  can  be  brought  to  bear  upon  a  host  of  complex  problems  is 
limited  only  by  the  skills  and  imagination  of  the  analyst. 

Coding  not  only  yields  the  information  required  by  the 
question,  but  also  presents  it  in  a  form  which  permits  testing  of 
the  objectivity  of  the  coding  procedure.  This  is  the  essence  of 
the  reliability  test  in  which  the  coding  is  performed  by  several 
coders  and  the  similarity  of  their  results  is  evaluated.  Relia¬ 
bility  depends  upon  the  abilities  of  the  coders,  the  method  of 
coding  and  the  nature  of  the  documents.  Since  the  nature,  of  the 
documents  cannot  be  altered,  reliability  can  only  be  improved  by 
changing  the  coding  procedures  and  by  educating  the  coders. 
Reliability  testing,  therefore,  not  only  provides  a  general  meas¬ 
ure  of  the  objectivity  of  the  analysis,  but  it  can  also  be  used 
to  evaluate  and  improve  overall  objectivity  by  improving  the 
reliability  of  individual  coders,  categories  and  other  components 
of  the  coding  procedure.  For  this  reason,  reliability  testing  is 
usually  conducted  on  a  sample  of  the  documents.  Once  a  satisfac¬ 
tory  level  of  reliability  has  been  achieved,  a  full-scale  content 
analysis  can  be  conducted. 

If  the  results  of  the  analysis  are  to  have  any  scientific 
status  they  must  be  subjected  to  validity  testing.  The  validity 
test  seeks  to  establish  whether  the  analyst  has  in  fact  measured 
that  which  he  set  out  to  measure.  It  can  be  conducted  in  a 
number  of  ways,  as  indicated  in  Chapter  VII,  and  involves  testing 
the  results  of  the  analysis  against  independent  or  external 
criteria.  The  sequence  of  testing  procedures  is  shown  in  Fig. 
2.3. 

B.  Interconnections  within  the  Analytical  Infrastructure 


Although  procedures  of  content  analysis  have  been  described 
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Fig.  2.3  TESTING  PROCEDURES  ARE  COMBINED  WITH  FIGS.  2.1 
AND  2.2  TO  SHOW  THE  MAIN  COMPONENTS  OF  CONTENT 
ANALYSIS. 
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Fig.  2.4  INTERCONNECTIONS  WITHIN  THE  CONTENT  ANALYSIS 
INFRASTRUCTURE . 


Independent  component 


TABLE  2.1 


MATRIX  SHOWING  THE  INTERDEPENDENCE  AMONG  COMPONENTS 
OF  THE  CONTENT  ANALYSIS  INFRASTRUCTURE. 
(Interdependencies  are  indicated  by  *) 


Dependent  Component 


in  a  sequential  manner,  it  must  be  appreciated  that,  with  the 
exception  of  the  communication  content  and  the  theoretical  frame¬ 
work  of  reference,  as  well  as  the  standards  and  norms  characteristic 
of  both,  none  of  the  components  of  the  content  analysis  in  Fig.  2.3 
functions  independently.  The  former  two,  together  with  their 
standards  and  norms,  comprise  inputs  into  the  infrastructure  and 
control,  but  cannot  be  altered  by,  the  analysis.  The  remaining 
components  of  the  infrastructure  are  procedural.  They  are  not  only 
controlled  by  the  inputs,  but  interact  upon  one  another  to  the  de¬ 
gree  that  a  discrete,  stage-by-stage  application  of  these  procedures 
as  is  depicted  in  Fig.  2.3  is  prohibited  in  the  initial  formulation 
of  the  research  design.  The  interrelations,  both  between  the  inputs 
and  the  procedural  components,  and  among  the  procedural  components 
themselves,  are  shown  in  Table  2.1. 

The  components  of  the  matrix  differ  slightly  from  those  shown 
in  Fig.  2.3.  Sampling  has  been  included  as  it  is  commonly  used  in 
content  analyses.  Furthermore,  the  components  of  coding  in  Fig. 

2.3  have  been  broken  down  into  recording  and  context  units,  categor¬ 
ies  and  system  of  enumeration  in  Table  2.1.  It  is  apparent  from 
Table  2.1  that  the  inputs  affect  all  of  the  procedural  components 
in  the  infrastructure,  but  that  neither  of  these  inputs  impinges 
upon  the  other  or  is  affected  by  the  procedural  components.  It  is 
also  clear  that  all  of  the  procedural  components  interact  mutually 
except  reliability  and  validity  testing.  In  the  latter  case, 
reliability  affects,  but  can  be  independent  of,  validity.  These 
interrelations  are  diagrammatically  illustrated  in  Fig.  2.4.  The 
components  in  the  diagram  differ  from  those  in  the  matrix  only 
insofar  as  standards  and  norms  are  shown  as  inputs  into  the  infra¬ 
structure.  It  demonstrates  the  scope  of  interdependencies  among 
the  components  of  the  infrastructure  and,  as  such,  clarifies  the 
necessity  for  the  analyst  to  consider  the  design  of  all  components 
of  the  analysis  before  making  it  operational. 


CHAPTER  III 


THE  THEORETICAL  FRAMEWORK  OF 
REFERENCE  AND  CONTEMPORARY 
STANDARDS  AND  NORMS 


In  his  survey  of  the  evolution  of  content  analysis,  Carney  has 
written  that  "...  content  analysis  directs  attention  to  the  fact 
that,  without  a  norm  against  which  to  compare  them,  individual 
sets  of  data  are  meaningless.  Data  elicited  by  one  person's 
analysis  gain  meaning  only  when  set  against  some  outside  criterion. 
Hence  the  care  taken  by  content  analysts  to  stockpile  criteria  - 
and  to  assess  their  worth.""*"  Obviously,  the  external  criteria 
against  which  the  results  of  this  study  should  be  compared  are  the 
measurements  of  freeze-up  and  break-up  obtained  within  the  modern 
network  of  Canadian  observing  stations.  For  this  reason,  the 
standards  and  norms  of  freeze-up  and  break-up  dates  consulted  in 
this  analysis  are  those  of  the  Canadian  Meteorological  Service. 

The  purpose  of  this  chapter,  in  consequence,  is  to  describe  and 
assess  Canadian  criteria  for  measuring  break-up  and  freeze-up. 

Only  when  this  has  been  accomplished  can  the  standards  and  norms 
implicit  in  the  documents  be  analysed  and  compared  with  their 
contemporary  counterparts  for  the  purpose  of  posing  the  questions 
in  the  content  analysis. 

A.  Freezing  and  Breaking 

Although  a  multitude  of  factors  can  influence  the  quality  of 


1.  Carney,  Thomas  F.  ,  Content  Analysis:  A  Technique  for  Systematic 
Inference  from  Communications,  Winnipeg,  1972,  p.  40. 
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freeze-up  and  break-up  records,  a  major  part  of  the  problem  lies 
in  the  difficulty  of  defining  precise  events  in  the  physically 
complex  processes  of  the  breaking  and  freezing  of  ice  and  water 
surfaces.  Thus,  no  assessment  of  standards  and  norms  can  be 
meaningful  without  some  consideration  of  the  processes  they  are 
designed  to  measure. 

The  process  of  freezing  is  initiated  by  the  first  formation 
of  ice  and  is  completed  when  the  ice  cover  achieves  its  maximum 
extent  and  thickness.  Likewise,  breaking  begins  with  the  first 
movement,  mechanical  fracturing  or  melting  of  ice,  and  terminates 
when  the  water  surface  becomes  ice  free  or  when  it  achieves 
minimum  ice  coverage.  In  Canada,  the  mean  durations  of  the  break¬ 
up  and  freeze-up  processes  on  approximately  60  rivers  is  10.0  days 
and  18.7  days  respectively.  The  mean  maximum  durations  of  break¬ 
up  and  freeze-up  of  these  rivers  are  19.5  and  36.7  days  respec- 
3 

tively.  These  ranges  indicate  a  considerable  latitude  for  dis¬ 
crepancy  among  dates  observed  using  different  criteria.  The  dating 
procedure  envisages  freezing  and  breaking  as  occurring  at  moments 
in  time  whereas  in  fact  they  are  quite  lengthy  intervals  which, 
although  continuous  and  accumulative,  can  be  temporarily  halted 
or  reversed. 

B.  Definitions 

Inevitably  the  definition  of  these  moments  in  time  is  an 
arbitrary  procedure  and,  for  this  reason,  no  universally  satis¬ 
factory  definitions  of  break-up  and  freeze-up  have  been  formulated. 
Indeed,  this  problem  of  definition  has  not  been  resolved  on  a 
national  scale  in  Canada,  notwithstanding  considerable  effort  on 


2.  Singh,  B.,  Break-up  and  freeze-up  dates:  a  case  study  of 
inconsistencies  in  climatological  data,  M. A.  Thesis, 

University  of  Manitoba,  Winnipeg,  1973. 

3.  Allen,  W.R.T.,  Break-up  and  Freeze-up  Dates  in  Canada,  Canada, 
Dept,  of  Transport,  Meteorological  Branch,  CIR-4116, 

ICE-17,  1964,  p.  1. 


the  part  of  the  Meteorological  Service  in  a  sequence  of  four 
publications  on  break-up  and  freeze-up  issued  between  1957  and 
1971.  This  has  resulted  in  the  production  of  a  variety  of 
Canadian  standards  and  norms,  all  of  which  must  be  considered 
potentially  relevant  in  this  analysis. 

1.  1957  Definitions 

In  A  Preliminary  Investigation  into  Break-up  and  Freeze-up 
Conditions  in  Canada  published  in  1957,  break-up  was  "...  consider¬ 
ed  to  be  the  date  when  the  ice  moves  in  a  river  or  clears  from  the 
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shores  of  a  lake."  Freeze-up  was  defined  as  "...  the  date  when 
ice  forms  and  begins  to  grow,  but  may  sometimes  be  listed  as  the 
time  when  skin  ice  or  slush  ice  first  forms.  In  the  opposite 
extreme,  some  observers  do  not  believe  that  the  'Freeze-up'  is 
official  until  the  ice  is  thick  enough  to  walk  on  with  safety."^ 
Thus,  in  the  1957  publication  there  are  three  definitions  of  freeze- 
up  and  one  of  break-up.  A  schematic  representation  of  these  and 
later  definitions  is  shown  in  Fig.  3.1. 

2 .  1959  Definitions 

In  Break-up  and  Freeze-up  Dates  of  Rivers  and  Lakes  in  Canada, 
which  in  1959  afforded  the  first  published  tabulation  of  these 
dates,  two  distinct  dates  of  break-up  and  two  of  freeze-up  were 
defined.  In  the  tabulations  of  dates  of  break-up,  "...  two  dates 
are  normally  given.  The  first  date  refers  to  the  first  appearance 
of  breaks  or  movement  of  ice  and  the  second  to  the  complete  clear- 
ing  of  ice  from  the  water."  Likewise,  in  the  list  of  dates  of 
freeze-up,  "...  two  dates  are  normally  given.  The  first  refers  to 
the  first  appearance  of  ice  in  the  fall,  and  the  second  indicates 


4.  Burbidge,  F.E.  and  Lauder,  J.R. ,  A  Preliminary  Investigation 
into  Break-up  and  Freeze-up  Conditions  in  Canada,  Canada,  Depart¬ 
ment  of  Transport,  Meteorological  Branch,  CIR-2939,  TEC-252, 
1957,  p.  1 

5 .  Loc.  cit. 

6.  Canada,  Department  of  Transport,  Meteorological  Branch, 

Break-up  and  Freeze-up  Dates  of  Rivers  and  Lakes  in  Canada, 

CIR-3156 ,  ICE-2,  1959,  p.  2. 
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Fig.  3.1  DEFINITIONS  OF  FREEZE-UP  AND  BREAK-UP  DEVELOPED  BETWEEN 
1957  AND  1971  BY  THE  CANADIAN  METEOROLOGICAL  SERVICE 
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the  dates  of  complete  ice  coverage."  In  this  publication  no 
attempt  was  made  to  reconcile  the  definitions  presented  with 
those  published  in  1957,  but  the  relationships  between  the  two 
are  illustrated  in  Fig.  3.1. 

3.  1964  Definitions 

A  third  publication  in  1964,  entitled  Break-up  and  Freeze-up 
Dates  in  Canada,  elaborated  upon  the  definitions  of  freeze-up  and 
break-up  presented  in  1959.  Break-up  was  defined  as: 

"...  commencing  when  the  ice  in  a  river  or  lake  begins 
to  move,  break,  or  deteriorate;  and  ending  when  the 
water  is  completely  free  of  all  ice.  The  first  date 
(1)  given  in  the  table,  therefore,  marks  the  beginning 
of  the  process.  In  the  case  of  rivers,  it  is  usually 
evidenced  by  a  definite  breaking  or  movement  of  the 
ice  brought  about  by  weakening  of  the  ice  due  to 
initial  melting,  currents,  and  a  rise  in  water  level 
due  to  runoff...  The  second  date  (2)  under  'Break- 
Up'  is  the  date  on  which  the  body  of  water  is  first 
observed  to  j^e  entirely  clear  of  ice  and  remains  clear 
thereafter. " 

The  1964  definition  of  break-up  (1)  differs  from  that  of  1959 
only  insofar  as  deterioration,  as  well  as  breaking  and  movement, 
is  to  be  a  criterion  in  establishing  this  date.  Therefore,  the 
direct  manifestations  of  thermal  as  well  as  mechanical  processes 
are  considered  to  initiate  break-up.  A  much  more  significant 
change  occurred  in  the  definition  of  the  second  date  of  break-up 
in  the  1964  publication.  Where  previously  break-up  (2)  was 
simply  the  first  complete  clearing  of  ice  from  the  water  surface, 
in  1964  it  was  stipulated  that  break-up  (2)  is  the  date  when  the 
water  first  becomes  clear  of  ice  and  remains  clear  thereafter. 
This  relationship  is  illustrated  in  Fig.  3.1. 

In  the  same  publication  freeze-up  was: 


7.  Ibid. ,  p.  50. 

8.  Allen,  W.T.R.,  op.  cit. ,  p.  2. 


"...  thought  of  as  a  process  extending  over  a  period  of 
days  or  weeks.  It  commences  with  the  appearance  of 
ice  crystals  on  the  water  surface,  and  ends  when  the 
body  of  water  is  completely  frozen  over....  The 
first  date  (1)  given  under  'Freeze-Up'  is  the  date  on 
which  ice  was  first  observed  on  the  water  surface, 
and  remained  thereafter....  The  second  date  (2)  given 
under  'Freeze-Up'  is  the  date  of  freeze-over,  i.e.  the 
date  on  which  the  water  ^as  first  observed  to  be 
completely  frozen  over." 

These  definitions  of  freeze-up  differ  in  only  one  respect  from 
those  of  the  1959  publication.  Freeze-up  (1)  is  further  quali¬ 
fied  as  the  date  when  ice  first  develops  and  remains  thereafter. 
Since  this  criterion  of  permanence  is  only  applied  to  freeze-up 

(1)  ,  it  is  conceivable  that  in  a  particular  year  freeze-up  (1)  may 
be  recorded  on  a  later  date  than  freeze-up  (2)  ,  although  t;his  does 
not  appear  to  be  the  intent  of  the  classification  (see  Fig.  3.1). 
This  inconsistency  does  not  arise  in  the  case  of  the  1964  break-up 
dates  because  the  criterion  of  permanency  is  applied  to  break-up 

(2) . 


4.  1971  Definitions 

In  the  most  recent  listing  of  dates,  which  was  in  the  1971 
publication  entitled  Freeze-up  and  Break-up  Dates  of  Water  Bodies 
in  Canada,  there  was  further  modification  of  the  definitions  and 
specification  of  other  break-up  and  freeze-up  criteria  employed  in 
the  tabulation  of  dates. 

The  previous  definition  of  freeze-up  (1)  was  essentially 
unchanged  and  given  as  the  date  "...  on  which  new  ice  first  formed 
on  the  water  surface  and  did  not  melt  completely  again  until  its 
final  deterioration  during  break-up  of  the  following  year."^ 

The  term  freeze-up  (1)  was  abandoned  in  favour  of  "first  permanent 
ice.  Likewise,  freeze— up  (2)  was  renamed  "complete  freeze-over," 


9 .  Loc.  cit. 

10.  Allen,  W.T.R.  and  Cudbird,  B.S.U.,  Freeze-up  and  Break-up 
Dates  of  Water  Bodies  in  Canada,  Canadian  Meteorological 
Service,  CLI-1-71,  Toronto,  p.  iv. 
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although  the  definition  as  "...  the  earliest  date  on  which  the 
water  body  was  reported  to  be  completely  covered  by  ice..."  was 
essentially  the  same.  Thus,  the  possible  reversibility  in  the 
chronological  occurrence  of  the  two  freeze-up  dates  was  not 
eliminated  in  1971. 

Break-up  (1)  was  renamed  "first  deterioration  of  ice"  and 
was  redefined  as: 

"...  the  earliest  date  during  the  final  thawing  period 
of  the  winter  season  (if  more  than  one  occurred) ,  on 
which  there  were  definite  indications  that  the  ice 
was  beginning  to  melt.  This  date  marks  the  beginning 
of  the  break-up  process,  which  may  be  manifested  by  a 
definite  movement  of  the  ice  or  the  formation  of 
cracks,  leads  or  open  water  areas  in  the  ice,  all  the 
result  of  weakening  of  the  ice  due  to  melting.  On 
most  lakes,  where  there  is  very  little  current  to 
move  the  ice,  initial  evidence  of  melting  may  be  the  ^ 
formation  of  pools  of  melt  water  on  the  ice  surface." 

This  definition  of  the  first  break-up  date  is  significantly 

different  from  that  in  1964  since  the  event  to  be  recorded  is  the 

first  stage  in  the  final  break-up  of  the  season.  Break-up  (2)  was 

renamed  "water  clear  of  ice"  and  given  a  similar  definition  to 

that  previously  operative  as  "...  the  earliest  date  on  which  the 

water  was  reported  to  be  completely  free  of  all  floating  ice,  and 

13 

remained  so  until  the  following  freeze-up. 

In  addition  to  these  changes,  dates  relating  to  traf ficability 
were  also  tabulated.  As  is  shown  in  Fig.  3.1,  this  generated 
categories  of  dates  entitled  "ice  safe  for  traffic"  in  the  freeze- 
up  period,  and  "ice  unsafe  for  traffic"  in  the  break-up  period. 

Two  other  categories  entitled  "other  date  regarding  freeze-up" 
and  "other  date  regarding  break-up"  were  included  to  accommodate 
dates  of  water  navigability  and  dates  of  freeze-up  and  break-up 


11.  Ibid . ,  p.  v. 

12.  Ibid , ,  p.  vi. 

13.  Loc.  cit. 
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described  in  vague  terms  which  militated  against  their 
incorporation  into  the  main  break-up  and  freeze-up  categories 
defined  above. ^ 

C .  Implications  for  Question  Posing 

The  basic  question  confronting  this  analysis  is  :  "What 
were  the  dates  of  freeze-up  and  break-up  at  the  four  Hudson's  Bay 
Company  posts  during  the  periods  of  time  spanned  by  their 
journals?"  Discussion  of  the  contemporary  standards  and  norms 
furnishes  the  basis  for  more  precise  formulation  of  the  question. 
Despite  the  discrepancies  in  definition  noted  above,  the  standards 
and  norms  in  Canada  identify  two  major  categories  of  freeze-up  and 
two  major  categories  of  break-up.  Thus,  the  question  "What  were 
the  dates  of  freeze-up  and  break-up?"  can  be  altered  in  general 
terms  to  "What  were  the  dates  of  first  freezing  and  complete 
freezing,  and  of  first  breaking  and  complete  clearing?"  At  this 
stage  in  the  analysis,  further  elaboration  of  the  question  must 
be  justified  in  terms  of  the  contents  of  the  journals.  Thus,  the 
next  stage  in  question  posing  is  to  consult  the  documents  and  to 
establish  the  historical  standards  and  norms. 


14.  Further  discussion  of  the  contemporary  standards  and  norms, 
as  well  as  reasons  for  the  changes  described,  is  given  in 
Catchpole ,  A.J.W.  and  Moodie,  D.W. ,  "Changes  in  the  Canadian 
Definitions  of  Break-up  and  Freeze-up,"  Atmosphere,  Vol.  12 
1974,  pp.  133-138. 


CHAPTER  IV 


THE  COMMUNICATION  CONTENT  AND 
HISTORICAL  STANDARDS  AND  NORMS 


The  foregoing  outline  of  the  procedures  of  content  analysis 
has  indicated  that  question  posing  depends  upon  the  communication 
content  as  well  as  the  theoretical  framework  of  reference 
(Fig.  2.1).  The  purpose  of  this  chapter  is  to  scrutinize  the 
documents  employed  in  this  study  with  a  view  to  ascertaining  their 
bearing  upon  question  posing.  The  first  part  of  this  chapter  is 
concerned  with  elucidating  the  general  nature  of  these  documents. 
Subsequently,  the  documents  are  analysed  to  determine  the  histor¬ 
ical  standards  and  norms  implicit  in  their  content. 

A.  The  Documents 

The  documents  consulted  in  this  analysis  comprise  manuscript 
accounts  of  daily  occurrences  at  Hudson's  Bay  Company  settlements 
in  North  America  during  the  18th  and  19th  centuries.  When  the 
research  was  conducted  for  the  study,  the  manuscripts  were  housed 
in  the  Hudson's  Bay  Company's  archives  at  Beaver  House  in  London, 
England.  They  have  subsequently  been  moved  to  the  Manitoba  Pro¬ 
vincial  Archives  in  Winnipeg,  Canada.  The  documents  take  the  form 
of  daily  journals  which  the  Company  required  to  be  kept  at  all  of 
its  overseas  settlements.  As  many  of  the  Company's  settlements 
frequently  shifted  in  location,  or  existed  for  short  periods,  the 
journals  selected  for  the  study  were  selected  mainly  on  the  basis 
of  their  length  and  continuity,  a  prime  desideratum  in  searching 
for  evidence  of  environmental  change. 

The  earliest  settlements  of  the  Hudson's  Bay  Company  were 
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established  on  the  shore  of  Hudson  Bay,  to  which  the  Company  s  fur 
trading  operations  were  confined  during  the  first  century  of  its 
overseas  trade.  Thus,  it  was  the  Bayside  trading  posts  or  settle 
ments,  rather  than  those  subsequently  established  inland,  that 
furnish  the  longest  periods  of  record.  The  four  longest  and  most 
complete  journal  records  were  used  in  this  study,  and  are  those 
that  were  kept  at  York  Factory,  Fort  Churchill,  Fort  Albany  and 
Moose  Factory.  These  posts  occupied  estuarine  locations  on  rivers 
discharging  into  Hudson  and  James  Bay  and  their  journals  commenced 
in  the  early  18th  century  and  extended  into  the  late  19th  century. 
Fig.  4.1  identifies  general  locations  in  space  and  time  of  the 
keeping  of  the  journals.  The  periods  of  record  at  the  different 
posts  vary  in  longevity  and  continuity,  and  their  sites  have  shifted 
during  the  periods  under  consideration.  As  these  changes  impinge 
directly  upon  the  methodology  employed,  they  are  dealt  with  more 
fully  in  the  development  of  coding  procedures  in  Chapter  V. 

Since  water  transport  was  of  great  importance  in  the  conduct 

of  the  Company's  fur  trade,  it  is  not  surprising  that  the  processes 

of  freezing  and  breaking  were  described  with  great  regularity  in 
the  journals  kept  at  their  posts.  These,  and  other  natural  events, 
were  of  critical  importance  to  the  prosecution  of  the  fur  trade, 

and  were  recognized  as  such  by  the  Company's  directors  in  London. 

The  importance  of  keeping  daily  journals  was  frequently  impressed 
upon  the  officers  at  the  posts  and,  from  time  to  time,  directives 
were  sent  from  London  on  the  manner  in  which  they  should  be  kept. 

In  1814,  for  example,  the  Governor  and  Committee  directed  that: 

"These  Journals  are  to  contain  nothing  but  a  plain  and 
simple  memorandum  of  fact  ...  Among  the  circumstances, 
which  are  always  to  be  noticed  in  the  Journals,  is  ... 
the  date  of  the  freezing  of  the  lakes  &  rivers,  the 
chief  falls  of  snow  &  their  depths,  the  greatest 
thicknesses  of  the  ice,  the  commencement  of  Thaw,  the 
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breaking  up  and  clearing  away  of  the  Ice  . . .  These 
observations  are  not  to  be  considered  as  a  matter  of 
idle  curiosity;  but  may  be  of  very  essential  use... 

However,  the  journals  were  not  written  by  scientifically 
trained  personnel,  nor  was  there  any  conscious  effort  on  the  part 
of  the  Company  officials  to  implement  standard  procedures  of 
observation  and  recording.  The  Company's  instructions  ensured  a 
degree  of  uniformity  among  the  journals  insofar  as  daily  records 
on  certain  themes  were  faithfully  maintained.  At  the  same  time, 
they  differ  greatly  in  style,  and  vary  in  length  and  content 
according  to  the  events  of  the  day  and  the  predilections  of 
individual  journalists.  Thus,  although  the  servants  of  the  Hudson's 
Bay  Company  have  provided  us  with  a  plethora  of  historical  descrip¬ 
tions  of  ice  and  water  conditions,  their  journal  descriptions  do  not 
explicitly  delimit  the  same  points  in  the  process  of  freezing  and 
breaking. 

Since  the  contents  of  the  journals  are  fixed,  they  impose 
limitations  upon  the  freedom  of  the  analyst  to  select  points  in  the 
process  in  order  to  date  freeze-up  and  break-up  events.  Thus,  the 
method  should  link  the  process  with  the  documents,  not  merely 
because  it  derives  information  about  the  former  from  the  latter, 
but  because  its  structure  must  be  determined  by  both.  The  method¬ 
ology  should  be  carefully  structured  to  extract  from  the  journals 
as  much  information  about  the  problem  as  they  are  capable  of  yield¬ 
ing,  but  it  must  be  stressed  that  no  amount  of  methodological 

I 

elaboration  can  derive  information  which  the  journalists  failed  to 
record,  nor  can  it  improve  upon  the  quality  of  that  which  was 
recorded.  Indeed,  the  most  that  can  be  expected  is  that  the  analy¬ 
sis  will  not  lose  or  distort  the  information  in  the  source  materials. 


1.  Hudson's  Bay  Company,  Letter  from  the  Governor  and  Committee  to 
Thomas  Thomas,  London,  April  9,  1814,  Hudson's  Bay  Company 
Archives,  London,  A  6/18,  pp.  211-13. 


This  analysis  was  designed  to  utilize  all  pertinent  inform¬ 
ation  in  the  journals,  but,  of  course,  they  abound  with  irrelevant 
comment.  For  this  reason,  as  well  as  the  cost  that  would  have  been 
incurred  by  the  authors  in  working  on  the  micro-film  copies  of  the 
journals  in  Ottawa,  a  transcription  of  the  relevant  material  was 
undertaken.  This  was  accomplished  by  a  research  assistant  trans¬ 
cribing  from  the  manuscript  journals  in  the  Hudson's  Bay  Company's 
archives  in  London.  Each  daily  entry  in  the  journals  during  spring 
and  autumn,  between  the  earliest  entry  and  December  31,  1871,  or 
the  dates  of  termination  of  the  journals,  was  consulted.  Spring 
and  autumn  were  considered  to  extend  from  March  1  to  June  30,  and 
from  September  1  to  December  31,  respectively.  All  statements  in 
the  journals  relating  directly  or  indirectly  to  ice  and  water 
surfaces  during  the  defined  period  were  copied  verbatim.  This 
stage  of  the  analysis  produced  four  records  of  relevant  comment 
arranged  in  chronological  order.  The  records  were  only  occasionally 
interrupted  by  gaps.  These  are  attributable  either  to  real  breaks 
in  the  journals  or  to  the  failure  of  authors  to  refer  to  ice  or 
water  conditions  in  particular  seasons.  The  transcriptions  from 
the  four  post  journals  provided  an  abundance  of  information,  con¬ 
tained  on  273  pages,  a  specimen  of  which  is  shown  in  Fig.  4.2. 

B .  Historical  Standards  and  Norms 

The  major  purpose  of  this  chapter  is  to  conduct  a  systematic 
investigation  of  the  transcriptions  so  that  the  historical  standards 
and  norms,  like  the  contemporary  standards  and  norms,  can  be  brought 
to  bear  on  the  question.  This  required  ascertaining  the  manner  in 
which  the  processes  of  freezing  and  breaking  were  perceived  and 
described  by  the  different  journalists  and  was  accomplished  by 
subjecting  the  written  descriptions  to  a  series  of  frequency 
analyses.  Carney  has  stressed  that  "Language  is  not  just  a  tool 
which  we  use.  It  is  a  part  of  our  apparatus  for  relating  to  the 
world  around  us.  It  interacts  upon,  and  develops  along  with,  our 
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Fig.  4.2  SPECIMEN  OF  JOURNAL  TRANSCRIPTIONS  TAKEN  FROM 
THE  MOOSE  FACTORY  JOURNAL,  MAY  8,  1756,  TO 
MAY  9,  1757. 
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perceptions.  To  a  very  large  degree,  what  becomes  conscious  is 

2 

what  we  have  words  for."  Thus,  in  this  section  of  the  analysis, 
it  was  assumed  that  the  words  and  phrases  used  by  the  journalists 
are  valid  indicators  of  their  perceptions  and  recording  of  freeze- 
up  and  break-up. 

In  the  first  stage  of  the  analysis  of  content,  measures  were 
obtained  of  the  frequency  of  occurrence  of  references  to  partial 
and  complete  ice  covers  in  fall,  and  to  broken  and  completely  ice 
free  surfaces  in  spring,  these  being  the  basic  measures  of  freeze- 
up  and  break-up  characterizing  the  contemporary  standards  and  norms. 
In  the  second  stage,  the  statements  relating  to  the  processes  of 
freezing  and  breaking  were  further  analysed  in  terms  of  semantic 
variability  in  order  to  gauge  in  more  detail  the  ways  in  which  the 
journalists  described  and  perceived  these  processes. 

1.  Frequency  of  Statements  about  Partial  and  Complete  Freezing  and 

Breaking 

Since  the  input  into  question  posing  from  the  contemporary 
standards  and  norms  requires  information  bearing  upon  first  and 
complete  freezing,  and  first  breaking  and  complete  clearing,  a 
measure  was  sought  at  the  outset  of  the  degree  to  which  the 
journalists  focussed  their  attention  and  descriptions  upon  the 
information  needed  to  isolate  these  dates.  At  the  same  time  it 
was  essential  to  measure  the  consistency  with  which  comments  bear¬ 
ing  upon  the  above  were  recorded  in  the  different  journals.  This 
was  fundamental  insofar  as  it  could  not  be  assumed  that  the 
contents  of  the  documents  are  sufficiently  homogeneous  to  permit 
the  application  of  the  same  content  analysis  to  all  four  journals. 
Conceivably,  the  journals  might  all  describe  ice  and  water  condit¬ 
ions  voluminously,  but  do  so  in  such  different  ways  that  different 
questions,  and  therefore  unique  content  analyses,  would  have  to  be 


2.  Carney,  Thomas  F. ,  Content  Analysis :  A  Technique  for  Systematic 
Inference  from  Communications,  Winnipeg,  1972,  p.  86. 
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applied  to  each  of  the  journals,  or  even  to  sections  of  the 
journals  recorded  by  different  authors. 

The  aim  in  this  stage  of  the  analysis  was  to  count  the 
occurrences  of  references  to  partial  and  complete  freezing  and 
breaking  in  all  the  journals,  and  to  compare  the  frequencies  of 
these  statements  among  the  different  journals.  The  results  of  this 
analysis  are  given  in  Tables  4.1  and  4.2. 


TABLE  4.1  FREQUENCIES  OF  COMMENTS  INDICATING  PARTLY  AND  COMPLETELY 
COVERED  WITH  ICE  IN  FALL. 


Number 

%  of  Total 

ALBANY 

Partly  covered 

538 

55 

Completely  covered 

240 

**  24 

Other 

196 

21 

Total 

974 

100 

MOOSE 

Partly  covered 

369 

53 

Completely  covered 

167 

24 

Other 

153 

23 

Total 

689 

100 

YORK 

Partly  covered 

585 

49 

Completely  covered 

361 

30 

Other 

226 

21 

Total 

1,172 

100 

CHURCHILL 

Partly  covered 

400 

56 

Completely  covered 

189 

26 

Other 

117 

18 

Total 

706 

100 

ALL  STATIONS 

Partly  Covered 

1,892 

53 

Completely  covered 

957 

27 

Other 

692 

20 

Total 

3,541 

100 

TABLE  4.2  FREQUENCIES  OF  COMMENTS  INDICATING  BROKEN  AND  ICE  FREE 
CONDITIONS  IN  SPRING 


Number 

%  of  Total 

ALBANY 

Broken 

661 

70 

Ice  free 

79 

8 

Other 

200 

22 

Total 

940 

100 

MOOSE 

Broken 

658 

72 

Ice  free 

78 

9 

Other 

176 

19 

Total 

912 

100 

YORK 

Broken 

444 

62 

Ice  free 

96 

13 

Other 

165 

25 

Total 

705 

100 

CHURCHILL 

Broken 

299 

56 

Ice  free 

97 

18 

Other 

137 

26 

Total 

533 

100 

ALL  STATIONS 

Broken 

2,062 

68 

Ice  free 

350 

11 

Other 

578 

21 

Total 

3,090 

100 

From  Tables  4.1  and  4.2  it  is  apparent  that  the  percentage 
frequencies  of  each  type  of  journal  comment  are  remarkably  similar 
at  all  four  stations.  Student's  t-testing  indicates  that  the 
differences  between  the  percentage  frequencies  of  broken  and  ice 
free  comments,  and  between  the  percentage  frequencies  of  partly 
covered  and  completely  covered  comments,  are  both  significant 
beyond  the  0.1  percent  levels.  The  results  indicate  that  the 
frequency  of  occurrence  of  kinds  of  comments  within  the  various 
journals  is  highly  uniform.  This  is  diagnostic  of  the  kind  of 
consistency  what  is  required  among  the  journals  if  the  same  content 
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analysis  is  to  be  applicable  to  each. 

Since  each  of  the  journals  was  written  by  many  different 
authors,  this  analysis  might  have  been  profitably  applied  to  the 
individual  sections  of  the  journals  written  by  particular  authors. 
This  could  not  be  done,  as  it  was  impossible  to  ascertain  with  any 
accuracy  when  the  authorship  of  the  journals  changed.  However,  the 
high  degree  of  homogeneity  apparent  in  Tables  4.1  and  4.2,  as  well 
as  the  result  of  the  t-test,  indicate  that  this  omission  will  not 
have  serious  consequences.  Therefore,  it  is  valid  to  examine  the 
results  in  Tables  4.1  and  4.2  with  a  view  to  deciding  how  they  will 
affect  the  question  to  be  posed  by  the  content  analysis. 

2 .  Implications  for  Question  Posing 

It  is  apparent  that  the  journalists  most  frequently  recorded, 
and  were  most  impressed  by,  the  early  manifestations  of  freezing 
and  breaking,  rather  than  by  the  terminal  stages  of  these  two 
processes.  During  break-up  an  average  of  68  percent  of  the  total 
comment  indicates  the  presence  of  a  broken  surface  and  an  average 
of  only  ll  percent  indicates  an  ice  free  surface.  Likewise,  in 
freeze-up  an  average  of  53  percent  of  the  comment  describes  a 
partial  ice  coverage,  while  an  average  of  only  27  percent  indicates 
a  complete  ice  cover.  Thus,  the  journals  will  bear  more  fully  upon 
isolating  dates  of  first  freezing  and  breaking  rather  than  those  of 
complete  freezing  and  ice  free  conditions.  This  is  particularly 
true  of  the  break-up  period. 

3.  Terminology  and  Perception  of  Freezing  and  Breaking 

It  was  inevitable  that  individual  journalists  drawn  from  a 
miscellany  of  cultural  and  environmental  backgrounds,  observing 
similar  events  from  widely  separated  vantages  in  time  and  space, 
would  inject  diverse  forms  of  literary  expression  into  their 
journals.  Thus,  statements  to  the  effect  that  the  water  surface 
was  partly  covered  with  ice  included  the  following: 
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some  ice  in;  much  ice;  ice  drifting;  partially  frozen 
over;  open  places;  clear  channel;  ice  driving  down; 
nearly  clear;  partially  open;  almost  fast;  ice  in 
quantities;  little  ice;  floating  ice;  little  open  water; 
full  of  drift  ice;  ice  along  shore;  ice  running;  loose 
ice;  ice  piling  up;  glush  driving;  partially  choked; 
holes  in;  open  lead;  almost  set;  freshers  on;  abundance 
of  ice;  sailing  ice;  etc. 

Statements  of  this  nature  were  examined  to  assess  in  more 
detail  how  the  journalists  described  and  perceived  freezing  and 
breaking.  This  was  achieved  by  a  frequency  analysis  of  the  root 
words  and  phrases  used  to  describe  ice  and  water  conditions  during 
the  spring  and  fall  periods. 

The  analysis  of  all  journal  statements  relating  to  break-up  in 
spring  revealed  that  a  total  of  149  different  root  words  and  phrases 
were  used  to  describe  ice  and  water  conditions  during  this  period. 
Despite  the  miscellany  of  roots  and  phrases  employed  by  the 
different  journalists,  it  was  found  that  there  was  little  semantic 
variation  in  the  bulk  of  their  comments.  The  root  word  "break", 
for  example,  accounted  for  29.3  percent  of  all  the  comment  on  ice 
and  water  conditions  in  spring,  and  the  15  most  frequently  used 
roots  accommodated  81.9  percent  of  all  comment.  Table  4.3  contains 
the  absolute,  percentage  and  cumulative  percentage  frequencies  of 
the  15  root  words  most  commonly  employed  at  all  stations  in 
describing  ice  and  water  conditions  in  the  break-up  period.  From 
the  cumulative  percentage  frequencies,  it  can  be  seen  that  the  four 
most  frequently  used  root  words  (break,  clear,  drive  and  move) 
account  for  just  over  half  of  the  break-up  comments  in  all  four 
j  ournals . 

The  analysis  of  all  journal  statements  relating  to  freeze-up 
in  fall  identified  a  total  of  111  different  root  words  and  phrases 
describing  ice  and  water  conditions  during  this  period.  As  in  the 
case  of  break-up,  a  few  of  these  account  for  most  of  the  body  of 
comment,  and  the  commonest  term  "drive"  embraced  21.9  percent  of 
all  comments.  The  15  most  frequently  used  roots  and  phrases  are 
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TABLE  4.3  FREQUENCIES  IN  EACH  JOURNAL  OF  THE  BREAK-UP  ROOT  WORDS 
WHICH  OCCUR  MOST  COMMONLY  IN  ALL  JOURNALS.  (Percentage 
frequencies  are  shown  in  parentheses  and  are  calculated 
as  a  percentage  of  all  root  words  in  each  journal) 


Fort 

Moose 

York 

Albany 

Factory 

Factory 

break 

221 

269 

199 

(23.1) 

(29.4) 

(29.7) 

clear 

87 

71 

59 

(9.1) 

(7.7) 

(8.8) 

drive 

129 

54 

30 

(13.5) 

(5.9) 

(4.4) 

move 

64 

87 

49 

(6.7) 

(9.5) 

(7.3) 

fast 

44 

43 

28 

(4.6) 

(4.7) 

(4.1) 

open 

37 

40 

28 

(3.8) 

(4.3) 

(4.1) 

give 

•  64 

28 

36 

(6.7) 

(3.0) 

(5.3) 

stop 

41 

35 

19 

(4.2) 

(3.8) 

(2.8) 

come 

18 

35 

26 

(1.8) 

(3.8) 

(3.8) 

go 

28 

18 

17 

(2.9) 

(1.9) 

(2.5) 

full 

16 

8 

22 

(1.6) 

(0.8) 

(3.2) 

choke 

23 

24 

3 

(2.4) 

(2.6) 

(0.4) 

remain 

26 

2 

1 

(2.7) 

(0.2) 

(0.1) 

channel 

14 

4 

9 

(1.4) 

(0.4) 

(1.3) 

passage 

14 

4 

9 

(1.4) 

(0.4) 

(1.3) 

Churchill 

Factory 

All 

Journals 

Cumulative 
Percentage 
Frequencies 
in  all 
Journals 

215 

(39.8) 

904 

(29.3) 

(29.3) 

60 

(11.1) 

277 

(9.0) 

(38.3) 

46 

(8.5) 

259 

(8.4) 

(46.7) 

0 

(0) 

200 

(6.4) 

(53.1) 

36 

(6.6) 

151 

(4.9) 

(58.0) 

45 

(8.3) 

150 

(4.8) 

(62.8) 

5 

(0.9) 

133 

(4.3) 

(67.1) 

0 

(0) 

95 

(3.0) 

(70.1) 

4 

(0.7) 

83 

(2.6) 

(72.7) 

12 

(2.2) 

75 

(2.4) 

(75.1) 

27 

(5.0) 

73 

(2.3) 

(77.4) 

5 

(0.9) 

55 

(1.7) 

(79.1) 

3 

(0.5) 

32 

(1.0) 

(80.1) 

3 

(0.5) 

30 

(0.9) 

(81.0) 

2 

(0.3) 

29 

(0.9) 

(81.9) 

39 


TABLE  4.4  FREQUENCIES  IN  EACH  JOURNAL  OF  THE  FREEZE-UP  ROOT  WORDS 
WHICH  OCCUR  MOST  COMMONLY  IN  ALL  JOURNALS.  (Percentage 
frequencies  are  shown  in  parentheses  and  are  calculated 
as  a  percentage  of  all  root  words  in  each  journal) 


Fort 

Albany 

Moose 

Factory 

York 

Factory 

drive 

228 

(23.7) 

126 

(21.2) 

236 

(19.8) 

freeze 

113 

(11.7) 

93 

(15.6) 

172 

(14.4) 

full 

82 

(8.5) 

64 

(10.7) 

219 

(18.4) 

fast 

85 

(8.8) 

94 

(15.8) 

105 

(8.8) 

open 

56 

(5.8) 

53 

(8.9) 

80 

(6.7) 

(ice) 

in  30 
(3.1) 

63 

(10.6) 

67 

(5.6) 

clear 

31 

(3.2) 

31 

(5.2) 

39 

(3.2) 

set 

39 

(4.1) 

16 

(2.7) 

31 

(2.6) 

break 

25 

(2.6) 

12 

(2.0) 

36 

(3.0) 

drift 

2 

(0.2) 

15 

(2.5) 

30 

(2.5) 

float 

13 

(1.3) 

20 

(3.3) 

12 

(1.0) 

much 

30 

(3.1) 

10 

(1.6) 

4 

(0.3) 

little 

5 

(0.5) 

12 

(2.0) 

17 

(1.4) 

cross 

14 

(1.5) 

11 

(1.8) 

6 

(0.5) 

go 

18 

(1.8) 

2 

(0.3) 

10 

(0.8) 

Churchill 

Factory 

All 

Journals 

Cumulative 
Percentage 
Frequencies 
in  all 
Journals 

112 

(15.9) 

756 

(21.9) 

(21.9) 

90 

(12.8) 

468 

(13.5) 

(35.4) 

99 

(14.1) 

464 

(13.4) 

(48.8) 

72 

(10.2) 

356 

(10.3) 

(59.1) 

54 

(7.6) 

243 

(7.0) 

(66.1) 

72 

(10.2) 

232 

(6.7) 

(72.8) 

31 

(4.4) 

132 

(3.8) 

(76.6) 

30 

(4.3) 

116 

(3.4) 

(80.0) 

34 

(4.8) 

107 

(3.1) 

(83.1) 

10 

(1.4) 

57 

(1.6) 

(84.7) 

4 

(0.5) 

49 

(1.4) 

(86.1) 

0 

(0) 

44 

(1.3) 

(87.4) 

4 

(0.5) 

38 

(1.1) 

(88.5) 

6 

(0.8) 

37 

(1.1) 

(89.6) 

5 

(0.7) 

35 

(1.1) 

(90.7) 

40 


identified  in  Table  4.4,  and  these  accounted  for  90.7  percent  of 
the  total  comments.  Four  root  words  (drive,  freeze,  full  and  fast) 
again  accounted  for  over  half  of  all  comment. 

A  cursory  examination  of  Tables  4.3  and  4.4  indicates  that  the 
relative  ordering  of  the  most  common  root  words  in  both  tables  is 
roughly  the  same  in  the  four  journals.  This  similarity  was  tested 
by  calculating  Spearman's  rank  correlation  coefficient  between  the 
columns  of  word  root  frequencies  obtained  from  each  pair  of 
journals  in  Tables  4.3  and  4.4.  The  results  of  this  test  are  shown 
in  Tables  4.5  and  4.6. 


TABLE  4.5  SPEARMAN'S  RANK  CORRELATION  COEFFICIENT  BETWEEN 
DISTRIBUTIONS  OF  THE  15  COMMONEST  WORDS  IN  PAIRS 
OF  JOURNALS:  FREEZE-UP 


Albany 

Moose 

York 

Churchill 

0.788 

0.877 

0.966 

Albany 

0.761 

0.795 

Moose 

0.927 

TABLE  4.6 

SPEARMAN'S  RANK  CORRELATION  COEFFICIENT 
DISTRIBUTIONS  OF  THE  15  COMMONEST  WORDS 
OF  JOURNALS :  BREAK-UP 

BETWEEN 

IN  PAIRS 

Albany 

Moose 

York 

Churchill 

0.534 

0.491 

0.595 

Albany 

0.829 

0.848 

Moose 

0.893 

With  13  degrees  of  freedom,  a  correlation  coefficient  in 
excess  of  0.684  is  required  before  it  can  be  assumed,  at  the  0.005 
level  of  significance,  that  the  orders  of  words  in  each  pair  of 
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journals  are  alike.  Table  4.5  (freeze-up)  shows  that  all  pairs  of 
journals  are  alike  at  this  level  of  significance.  However,  as  is 
shown  in  Table  4.6,  the  order  of  the  break-up  words  in  the 
Churchill  journal  is  not  significantly  correlated  with  that  in  the 
other  journals  at  the  0.005  level  of  significance.  In  this  table 
the  Churchill  words  are  correlated  with  those  obtained  at  Albany 
and  York  at  the  0.025  level  of  significance,  and  only  the 
correlation  between  Moose  and  Churchill  is  insignificant  at  the 
0.025  level.  With  this  qualification,  the  test  indicates  that  the 
relative  frequencies  of  terms  describing  break-up  and  freeze-up  are 
strongly  homogeneous  among  the  four  journals.  Thus,  Tables  4.3  and 
4.4  can  be  analysed  to  provide  a  valid  measure  of  how  freeze-up  and 
break-up  were  described  and  perceived  at  all  four  stations.  This 
analysis  recognizes  different  types  of  descriptions  and  was  conduct 
ed  by  a  frequency  count  of  the  entire  body  of  relevant  journal 
comment . 

It  is  apparent  from  Tables  4.3  and  4.4  that  ice  and  water 
conditions  were  more  commonly  described  in  terms  of  their  physical 
appearance  than  in  terms  of  their  impact  upon  human  activities  or 
functions,  such  as  over-ice  traffic,  navigation,  fishing  and 
recreation.  Thus,  the  journal  descriptions  of  both  freeze-up  and 
break-up  were  divided  into  two  major  categories:  those  relating  to 
the  physical  appearance  of  ice  and  water,  and  those  relating  to 
functional  interpretations  of  ice  and  water  conditions.  The  former 
category  was  further  subdivided  into  the  following  semantic  classes 
1)  description  of  ice  and  water  conditions  in  terms  of  the  presence 
or  absence  of  mechanical  processes;  2)  descriptions  in  terms  of  the 
presence  or  absence  of  thermal  processes;  3)  descriptions  of  the 
relative  amounts  and  spatial  distribution  of  ice  and  water; 

4)  references  to  the  occurrence  of  ice  and  water  which  are  incon¬ 
clusive  with  respect  to  their  relative  amounts  and  spatial 
distribution,  and  their  mechanical  and  thermal  behaviour.  This 
classification,  together  with  exemplifying  root  words,  is  shown 
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in  Table  4.7.  The  absolute  and  percentage  frequencies  of  the 
different  types  of  root  words  are  shown  in  Table  4.8. 


TABLE  4.7  CLASSIFICATION  AND  EXAMPLES  OF  ROOT  WORDS  USED  TO 
DESCRIBE  FREEZE-UP  AND  BREAK-UP 


FUNCTIONS  . 

FREEZE-UP 

^ channel,  cross,  firm 
fishing,  navigate , safe 

BREAIC-UP 

bridge,  channel, 
cross  firm, 
navigate,  passage 

Mechanical 

{drive,  drift,  float 
fast,  blow,  heave 

break,  drive  go 

Processes 

come,  shatter, 
fast 

Thermal 

^freeze,  consume, 
moulder  waste ,  melt 

freeze,  thaw, 

APPEAR¬ 

ANCE 

Processes 

dissolve,  decay, 
rot,  waste 

Relative 

{dear,  full,  much 
little,  cover,  free 

clear,  full, 

Amount  and 

Spatial 

Distribution 

abundance,  free, 
hole,  none 

addition,  appear. 

appear,  body. 

—  Occurrence . 

••{form,  gather,  in, 
upon 

collect  in,  on, 
take 

Student  s  t  testing  was  used  to  compare  the  frequencies  of 
Pairs  of  root  word  classes  with  a  view  to  establishing  whether  the 
variations  among  the  classes  were  significantly  greater  than  those 
among  the  journals.  The  results,  in  terms  of  levels  of  signif¬ 
icance  of  t,  are  shown  in  Tables  4.9  and  4.10. 

It  is  generally  apparent  from  these  tables  that  there  is  a 
high  degree  of  homogeneity  among  the  journals  with  regard  to  the 
frequency  of  occurrence  of  the  word  root  classes.  The  t  values 
are  insignificant  only  with  respect  to  the  paired  thermal  and 
occurrence  classes  in  both  the  freeze-up  and  break-up  tables. 

Table  4.8  shows  that  both  of  these  classes  are  comparatively  rare 


TABLE  4.8  ABSOLUTE  AND  PERCENTAGE  (IN  PARENTHESES)  FREQUENCIES  OF  CLASSES  OF  ROOT  WORDS 
IN  EACH  JOURNAL 
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13 
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12 
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(32.8) 

93 
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3  SOON 

43 
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337 
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85 
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TABLE  4 

.9  SIGNIFICANCE  LEVELS  OF 
FREEZE-UP 

t  FOR  WORD 

ROOT  CLASSES 

IN 

APPEARANCE 

_ A _ — 

i - 

Mechanical 

Processes 

1 

Thermal 

Processes 

1 

Relative 
Amount  and 
Spatial 
Distribution 

Occurrence 

FUNCTIONS  >0.005 

>0.005 

>0.005 

>0.005 

Mechanical 

Processes 

>0.005 

>0.05 

>0.005 

APPEAR¬ 

ANCE 

Thermal 

Processes 

>0.025 

N.S . 

Relative  Amount 
—  and  Spatial 

Distribution 

s 

>0.005 

TABLE  4 

.10  SIGNIFICANCE  LEVELS  OF  t  FOR  WORD  ROOT  CLASSES  IN 
BREAK-UP 

APPEARANCE 

1 

Mechanical 

Processes 

r 

Thermal 

Processes 

i 

Relative 
Amount  and 
Spatial 
Distribution 

1 

Occurrence 

FUNCTIONS  >0.005 

>0.05 

>0.005 

>0.025 

Mechanical 

Processes 

>0.005 

»0.005 

>0.005 

APPEAR¬ 
ANCE  " 

Thermal 

Processes 

>0.005 

N.S. 

Relative  Amount 
—  and  Spatial 

Distribution 

>0.005 

in  the  journals.  Since  the  homogeneity  of  class  occurrences  in 
Table  4.8  has  been  established,  it  is  now  appropriate  to  examine 
the  contents  of  the  table  with  a  view  to  establishing  its  bearing 
upon  the  formulation  of  the  question. 
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4 .  Implications  for  Question  Posing 

Table  4.8  shows  that,  in  both  freeze-up  and  break-up, 
functional  interpretations  of  ice  and  water  conditions  are  much 
more  rare  than  those  concerned  with  the  physical  appearance  of  ice 
and  water.  The  former  account  for  only  3.3  percent  of  all  comment 
on  freeze-up  and  for  only  4.2  percent  of  all  comment  on  break-up. 
Thus,  the  journalists  were  overwhelmingly  concerned  with  recording 
direct  observations  of  ice  and  water  conditions  as  opposed  to 
referring  to  these  conditions  indirectly  by  recording  their  impact 
upon  human  activities.  Among  the  descriptions  of  the  appearance 
of  ice  and  water,  those  identifying  their  mechanical  characteristics 
are  most  prominent,  accounting  for  74.4  percent  of  break-up 
descriptions  and  44.7  percent  of  freeze-up  descriptions.  By 
contrast,  thermal  descriptions  comprised  only  1.3  percent  of  break¬ 
up  comments  and  13.3  percent  of  freeze-up  comments.  The  contents 
of  the  documents  therefore  indicate  that  mechanical  criteria  must 
be  applied  to  the  identification  of  freeze-up  as  well  as  break-up 
and  that,  although  thermal  comments  may  be  useful  in  identifying 
dates  of  freeze-up,  they  will  rarely  be  employed  in  delimiting 
break-up.  A  greater  proportion  of  break-up  (18.1  percent)  and 
freeze-up  (28.9  percent)  comments  constitute  descriptions  of  the 
relative  amounts  and  spatial  distribution  of  ice  and  water,  while 
references  to  unspecified  occurrences  of  ice  and  water  amount  to 
9.7  percent  of  freeze-up  commentary  and  only  1.1  percent  of  break¬ 
up  commentary. 


CHAPTER  V 


POSING  THE  QUESTION  AND  CODING 


The  analysis  of  journal  descriptions  has  revealed  strong 
biases  in  the  perception  and  recording  of  ice  and  water  conditions 
during  freeze-up  and  break-up.  These  biases  can  now  be  examined 
in  relation  to  the  contemporary  standards  and  norms  with  a  view 
to  posing  the  question  in  such  a  way  that  a  content  analysis  can 
be  operationalized  to  extract  dates  of  freeze-up  and  break-up  from 
the  documents.  This  involves  resolving  the  question  into  categor¬ 
ies  within  which  relevant  dates  can  be  logged,  and  specifying  the 
ways  in  which  these  dates  can  be  entered  into  the  categories.  The 
first  part  of  this  chapter  is  concerned  with  posing  the  question 
in  the  form  of  categories;  the  second  part  is  devoted  to  unitizing 
and  coding  rules. 

A.  Category  Development 

Both  the  contemporary  standards  and  norms  and  the  results  of 
the  analysis  of  historical  statements  about  partial  and  complete 
freezing  prompt  the  identification  of  four  stages  in  the  processes 
of  freezing  and  breaking.  These  stages  are  illustrated  diagrama- 
tically  in  the  model  of  the  seasonal  regime  of  ice  and  water 
distributions  in  Fig.  5.1.  This  model  was  developed  by  the 
authors  in  a  preliminary  investigation  into  identifying  dates  of 
freeze-up  and  break-up  from  historical  accounts,'*'  and  provides  the 


1.  Catchpole,  A.J.W.,  Moodie,  D.W.  and  Kaye,  B.,  "Content 

Analysis:  A  Method  for  the  Identification  of  Dates  of  First 
Freezing  and  First  Breaking  from  Descriptive  Accounts,"  The 
Professional  Geographer,  Vol.  XXII,  1970,  p.  254. 
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Fig.  5.1  MODEL  OF  SEASONAL  REGIME  OF  ICE  AND  WATER  DISTRIBUTION 
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FREEZE-UP 


ICE  FORMS  FIRST  SKIM  WALK  ON 
AND  GROWS  OR  SLUSH  ICE  SAFELY 


BREAK-UP 


FIRST  MOVES  IN  RIVER 
OR  CLEARS  SHORES  OF  LAKE 


FIRST  BREAK  COMPLETE 

OR  CLEARING 


ICE  FIRST 


FIRST 

COMPLETELY 
FROZEN  OVER 


1971 

OTHER 
FREEZE-UP 
DATE, 
INCLUDING 
VAGUE 
REFERENCE 
TO  FIRST  ICE, 
FIRST 

COMPLETELY 

FROZEN, 

UNNAVIGABLE 


FIRST  BREAK,  MOVE, 
DUE  TO  WEAKENING 
CAUSED  BY  MELTING, 
CURRENTS,  WATER 
RISE 


FIRST 
BECOMES 
CLEAR  AND 
REMAINS 
CLEAR 


FIRST  SAFE 
COMPLETELY  FOR 
COVERED  TRAFFIC 
BY 


ICE 


OTHER 

BREAK-UP 

DATE, 

INCLUDING 
VAGUE 
REFERENCE 
TO  FIRST 
BREAKING, 
FIRST 

COMPLETELY 

OPEN, 

NAVIGABLE 


UNSAFE 

FOR 

TRAFFIC 


FIRST 
MELTING 
MOVEMENT, 
LEADS, 
CRACKING 
IN  FINAL 
THAW 
PERIOD 


FIRST 

BECOMES 

CLEAR 

AND 

REMAINS 

CLEAR 


Fig.  5.2  DEFINITIONS  OF  FREEZE-UP  AND  BREAK-UP  DEVELOPED  BETWEEN 
1957  AND  1971  BY  THE  CANADIAN  METEOROLOGICAL  SERVICE 
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FREEZE-UP 


1957i 


BREAK-UP 


1959 


FREEZE  UP 
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FIRST  > 
DATE  OF 
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DATE  OF 
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19641 
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i  i 
i  i 
i  i 
i  i 
i 
i 


i 
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1971^ 


FIRST 

SECOND 

DATE  OF 

DATE  OF 

BREAK-UP 

BREAK-UP 
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FREEZE-UP 

FREEZE-UP 
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— 1  1 

BREAK-UP 
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ICE 

OTHER 

ICE 

FIRST 

DETERIORATION 

WATER 

SAFE 

DATE 

UNSAFE 

CLEAR 

FOR 

RE: 

FOR 

OF  ICE 

OF 

TRAFFIC 

BREAK-UP 

TRAFFIC 

ICE 

COMPLETE 

FREEZE- 

OVER 


THE  SHADED  DATES  ARE  EQUIVALENT  TO  BEGINNINGS  OF  STAGES 
OF  FREEZING  AND  BREAKING  AS  FOLLOWS 

[•.••.••.••l  FIRST  PARTIAL  FREEZING  ||||lj|||l  FIRST  BREAKING 

[  |  FIRST  COMPLETE  FREEZING  l  '//X  FIRST  ICE  FREE 

Fig.  5.3  TERMINOLOGY  OF  FREEZE-UP  AND  BREAK-UP  DATES  OF  THE 

CANADIAN  METEOROLOGICAL  SERVICE,  AS  DEFINED  IN  FIG.  5.2. 
(The  shaded  dates  are  those  that  can  be  ascertained 
from  the  documents) . 
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framework  for  the  development  of  question  posing  in  this  analysis. 

As  is  shown  in  Fig.  5.1,  Stage  1  is  the  ice  free  state 
between  the  first  occurrence  of  an  ice  free  surface  in  spring  and 
the  first  appearance  of  ice  in  autumn.  Stage  2  is  the  partly 
frozen  state  which  occurs  in  fall  between  the  first  appearance  of 
ice  and  the  date  when  a  complete  ice  cover  develops.  Stage  3  is 
the  completely  frozen  state  and  embraces  the  interval  between  the 
development  of  a  complete  ice  cover  and  the  date  of  first  breaking 
in  spring.  Stage  4  is  the  state  of  a  broken  ice  surface  between 
Stage  3  and  Stage  1. 

The  specific  problem  confronted  by  the  content  analysis  is 

the  identification  of  the  boundaries  or  dates  separating  the 

*> 

stages  in  Fig.  5.1.  It  is  apparent  that  there  is  a  general  rela¬ 
tionship  between  these  boundaries  and  all  of  the  definitions  of 
freeze-up  and  break-up  in  the  contemporary  standards  and  norms 
shown  in  Fig.  5.2.  However,  the  limitations  in  the  journal  contents 
prohibit  identification  of  some  of  the  dates  defined  in  the  contem¬ 
porary  standards  and  norms . 

The  beginning  of  Stage  2  (FIRST  PARTIAL  FREEZING  in  Fig.  5.1) 
is  equivalent  to  the  dates  determined  by  two  of  the  1957  definitions 
(FREEZE-UP)  and  the  1959  definition  (FIRST  DATE  OF  FREEZE-UP)  as 
illustrated  in  Fig.  5.3.  Similarly,  the  beginning  of  Stage  3 
(FIRST  COMPLETE  FREEZING)  is  equivalent  to  the  dates  required  by 
the  1959  (SECOND  DATE  OF  FREEZE-UP),  the  1964  (BREAK-UP  2)  and  1971 
(COMPLETE  FREEZE-OVER)  definitions.  The  commencement  of  Stage  4 
(FIRST  BREAKING)  is  equivalent  to  the  date  of  the  1957  (BREAK-UP) , 
1959  (FIRST  DATE  OF  BREAK-UP)  and  1964  (BREAK-UP  1)  definitions, 
and  the  beginning  of  Stage  1  (FIRST  ICE  FREE)  corresponds  with  the 
date  required  by  the  1959  (SECOND  DATE  OF  BREAK-UP)  definition. 

These  particular  standards  and  norms  must  perforce  be  adopted  in 
the  analysis  because  the  journals  do  not  contain  information  on 
the  permanence  or  duration  of  any  event  such  as  first  ice  and 
complete  ice  covers  in  fall,  or  first  breaking  and  complete  clearing 


in  spring.  Thus,  the  journals  cannot  yield  dates  of  conditions 
which  remain  thereafter  from  the  date  on  which  they  first  develop. 
This  precludes  use  of  the  1964  FREEZE-UP  1,  the  1964  BREAK-UP  2 
and  the  1971  FIRST  PERMANENT  ICE.  By  excluding  these  contemporary 
standards  and  norms  from  the  analysis,  the  question  can  now  be 
resolved  into  categories  which  accommodate  the  historical  standards 
and  norms . 

In  the  first  instance,  the  question  can  be  stated  in  terms 
of  the  following  four  components:  at  which  dates  did  each  of 
Stages  1-4  begin?  Since  the  beginning  of  one  stage  can  also  be 
defined  as  the  termination  of  the  preceding  stage,  the  question 
can  be  further  resolved  into  eight  dating  categories  as  shown  in 
Fig.  5.4. 

The  results  of  the  analysis  of  terminology  employed  in 
describing  freeze-up  and  break-up  permit  further  integration  of 
the  information  contained  in  the  documents  with  the  contemporary 
standards  and  norms.  This  analysis  identified  the  dichotomy  be¬ 
tween  descriptions  of  the  physical  appearance  of  ice  and  water 
conditions,  and  functional  interpretations  of  these  conditions. 

The  former  can  be  brought  to  bear  directly  upon  the  dating 
categories  identified  in  Fig.  5.4,  while  the  latter  provide  only 
indirect  indications  of  the  boundaries  which  these  categories 
delimit.  The  functional  interpretations  in  the  journals,  more¬ 
over,  have  counterparts  in  the  contemporary  standards  and  norms 
illustrated  in  Fig.  5.2  and,  despite  the  limited  frequency  with 
which  comments  of  this  nature  occur  in  the  journals,  can  be 
incorporated  into  the  analysis. 

It  should  be  observed  that,  in  the  contemporary  standards 
and  norms,  the  only  functional  criteria  identifying  dates  are 
those  bearing  upon  navigability  and  traf f icability  of  ice  and 
water  surfaces.  Although  the  journals  contain  information  relat¬ 
ing  to  other  functions  such  as  fishing  and  recreation,  in  keeping 
with  the  contemporary  standards  and  norms,  this  content  analysis 
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will  employ  only  the  criteria  of  navigability  and  traf f icability 
to  retrieve  indirect  information  bearing  upon  the  boundaries  of 
the  four  stages  identified  in  the  model. 

It  should  also  be  observed  that  the  direct  references  to 
ice  and  water  conditions,  namely  those  pertaining  to  the  physical 
appearance  of  ice  and  water,  relate  to  all  boundaries  in  the 
model.  In  contrast,  statements  pertaining  to  the  effects  of  ice 
and  water  upon  traf f icability  and  navigability  each  identify  only 
two  boundaries  in  the  model.  This  is  shown  in  Fig.  5.5. 

Since  the  indirect  functional  references  cannot  identify  the 
boundaries  with  the  same  degree  of  precision  as  can  the  direct 
observations  of  ice  and  water,  they  should  be  employed  for  dating 
purposes  only  when  information  from  direct  observations  is  lacking 
in  particular  years.  The  information  on  navigability  and  traffic- 
ability  can  be  used  to  complement  the  direct  references  only  when 
it  is  assumed  that:  (1)  the  limits  of  the  period  of  traf f icability 
are  coincident  with  those  of  the  period  during  which  the  surface 
is  completely  frozen;  (2)  water  is  navigable  (in  this  case  with 
respect  to  small  boat  and  canoe  navigation)  only  when  it  is  com¬ 
pletely  free  of  ice.  Since  the  criteria  of  navigability  and 
traf f icability  together  identify  all  boundaries  in  the  four  stages 
in  the  model,  they  can,  like  the  direct  dating  information,  be 
resolved  into  eight  dating  categories  as  shown  in  Fig.  5.6. 

The  criteria  afforded  by  the  journals  to  identify  the  dates 
demanded  by  the  direct  dating  categories  were  shown  to  comprise 
the  following  four  types:  descriptions  of  mechanical  processes, 
of  thermal  processes,  of  the  relative  amounts  and  spatial  distri¬ 
bution  of  ice  and  water,  and  unspecified  statements  of  the  occur¬ 
rence  of  ice  and  water.  Together,  these  criteria  are  compatible 
with  those  employed  in  the  contemporary  standards  and  norms  as 
manifestations  of  freeze-up  and  break-up.  Although  some  of  these 
criteria  appear  with  greater  frequency  in  the  journals,  and 
therefore  afford  more  consistent  indicators  of  freeze-up  and 
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break-up,  all  are  equally  valid  indicators  of  these  phenomena  in 
terms  of  contemporary  standards  and  norms,  and  will  be  applied 
as  such  in  this  analysis. 

B .  Unitizing  and  Coding  Rules 

Having  resolved  the  question  into  16  different  dating 
categories,  it  is  now  necessary  to  specify  how  the  relevant  con¬ 
tent  will  be  recorded  in  these  categories.  This  stage  in  content 
analysis  is  generally  known  as  unitizing  and  involves  specifica¬ 
tion  of  the  recording  unit,  the  context  unit  and  the  system  of 
enumeration  to  be  used  in  extracting  the  relevant  dates  via  the 
categories.  Each  of  these  units,  together  with  the  coding  rules 
governing  their  use,  is  discussed  separately  below. 

1.  Recording  Unit 

The  first  requirement  of  unitizing  is  to  designate  the 
recording  unit,  or  the  specific  segment  of  text  that  can  be  placed 
into  a  category.  The  recording  unit  in  this  analysis  is  the  theme, 
which  is  a  single  assertion  relevant  to  the  problem  under  investi¬ 
gation  and,  in  this  case,  is  any  assertion  by  the  journalists 
pertaining  to  ice  and  water  conditions  as  defined  by  the  16  dating 
categories . 

Unlike  other  recording  units,  such  as  syllables,  individual 
words  or  symbols,  the  theme  is  not  readily  identifiable  in  text. 

It  is  not  characterized  by  natural  or  physical  breaks  in  the  text, 
so  that  a  single  occurrence  of  a  theme  may  embrace  several  sen¬ 
tences  just  as  one  sentence  may  contain  more  than  one  theme. 
Thematic  analyses,  thus,  present  problems  of  judgement  that  do  not 
characterize  analyses  employing  recording  units  that  comprise 
physically  discrete  segments  of  text.  Moreover,  it  is  impossible 
to  overcome  problems  of  this  nature  by  formulating  rules  that  will 
cover  every  type  of  circumstance  in  which  themes  will  occur  in 
text.  The  identification  of  themes  is  largely  a  function  of  the 
training  and  skills  of  the  analyst  performing  the  coding,  of  the 
clarity  of  the  categories  and  of  the  numbers  and  types  of  decisions 


to  be  made.  The  reliability  of  theme  identification,  however,  can 
be  enhanced  by  specifying  rules  that  will  guide  the  order  in  the 
decision  making  process.  In  this  analysis,  only  one  coding  rule 
was  employed  in  addition  to  the  guidelines  afforded  by  the  category 
definitions.  All  assertions  phrased  as  probabilities,  such  as 
"the  ice  appears  to  be  broken,"  were  arbitrarily  ruled  to  be  enum¬ 
erated  in  the  categories  as  assertions  of  certainty.  The  above 
example  would  thus  be  enumerated  as  a  statement  to  the  effect  that 
the  ice  was  in  fact  broken. 

2 .  Context  Unit 

As  it  is  impossible  to  classify  a  recording  unit  without 
reference  to  the  context  in  which  it  appears,  unitizing  further 
requires  specification  of  the  context  unit,  or  the  largest  body  of 
content  that  may  be  searched  to  obtain  a  recording  unit.  The  con¬ 
text  unit  in  this  analysis  is  the  daily  entry  in  the  journals  during 
the  freeze-up  and  break-up  periods  as  previously  defined.  However, 
the  use  of  the  daily  entry  as  the  context  unit  for  identifying 
recording  units  can  be  considered  a  valid  one  only  if  the  following 
two  assumptions  are  met: 

1)  that  the  information  in  the  daily  entry  pertains  to  the 
date  of  the  entry; 

2)  that  the  information  in  the  daily  entry  pertains  to  the 
place  where  the  entry  was  logged. 

Close  examination  of  the  journals  has  revealed  that  recording 
units  sometimes  comprise  retrospective  comments  as  to  ice  and 
water  conditions  on  earlier  days,  and  that  they  frequently  refer 
to  ice  and  water  conditions  at  a  variety  of  places  other  than  the 
places  where  the  journals  were  kept.  The  temporal  and  spatial 
variations  and  uncertainties  in  the  comment  contained  within  the 
context  units  severely  complicate  the  use  of  the  daily  entry  as  a 
reliable  and  valid  unit  designed  to  circumscribe  the  search  for 
recording  units.  If  the  daily  entry  is  to  be  retained  as  a  context 
unit,  problems  of  this  nature  can  only  be  negotiated  by  specifying 
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additional  rules  which  will  accommodate  the  temporal  and  spatial 
exceptions  to  the  two  assumptions  implicit  in  accepting  the  daily 
entry  as  the  context  unit.  The  following  coding  rules  have  there¬ 
fore  been  devised  to  guide  the  coder  in  interpreting  the  temporal 
and  spatial  contexts  of  themes  within  the  daily  entries . 

a)  Temporal  Context 

In  almost  all  cases  in  the  journals  it  was  found  that  the 
information  contained  in  the  recording  units  pertained  directly 
to  the  particular  day  on  which  they  were  written.  Occasionally, 
however,  the  recording  unit  did  not  refer,  either  explicitly  or 
implicitly,  to  the  date  of  the  entry,  and  the  following  coding 
rules  were  specified  for  the  interpretation  of  temporal  variations 
of  this  nature:  *> 

1)  When  recording  units  refer  to  an  earlier,  specified  date, 
these  recording  units  are  to  be  interpreted  in  the 
context  of  that  earlier  date. 

2)  When  the  recording  units  refer  to  the  previous  night, 
these  cases  are  to  be  artibrarily  assigned  to  the  date 
of  the  entry. 

3)  When  the  recording  units  refer  to  ice  and  water  conditions 
prior  to  the  date  of  the  entry  in  a  manner  which  militates 
against  identifying  the  date  of  those  conditions,  these 
recording  units  are  not  to  be  placed  into  temporal 
contexts  and  are  of  no  value  to  the  analysis. 

b)  Spatial  Context 

The  spatial  context  of  recording  units  was  much  more  variable 
than  their  context  in  time.  The  variations  in  spatial  references 
derive  from  a  multitude  of  circumstances  all  of  which  are  exacer¬ 
bated  by  the  fact  that  standard  procedures  of  observation  were  not 
employed.  The  variations  in  vantage  at  the  different  forts,  and 
therefore  in  the  range  of  visual  observation,  prompted  the  journa¬ 
lists  to  describe  ice  and  water  conditions  over  wide  areas  and  at 
a  variety  of  sites  other  than  the  places  where  the  journals  were 
kept. 
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If  use  of  the  recording  units  is  to  be  confined  to  those  which 
pertain  to  the  place  where  the  entry  was  logged,  a  wealth  of  infor¬ 
mation  pertaining  to  break-up  and  freeze-up  would  be  lost  to  the 
analysis.  In  order  to  incorporate  this  information  into  the  system 
of  recording  and  context  units,  a  series  of  coding  rules  on  the 
spatial  context  was  formulated  to  facilitate  logging  of  the  infor¬ 
mation  into  the  categories.  The  development  of  the  coding  rules 
was  based  upon  four  frequency  analyses  which  revealed  the  frequency 
to  which  places  other  than  the  fort  were  referred  to  in  the  record¬ 
ing  units.  The  most  frequently  referred  to  places  were  considered 
to  comprise  individual  recording  stations  for  the  purpose  of 
logging  dates  in  the  categories.  The  less  frequently  referred  to 
places,  as  well  as  broad  areas  or  reaches  of  the  river,  were  con¬ 
sidered  to  comprise  recording  zones  for  the  same  purpose.  This 
task  required  scrupulous  attention  to  place  names  and  their  changes 
through  time,  and  to  the  dispositions  of  channels,  islands  and 
other  geographical  features  which  also  changed  in  time  within  these 
morphologically  unstable  river  estuaries. 

The  zones  and  points  arrived  at  for  the  four  river  estuaries 
are  shown  in  Figs.  5.7a  to  5.10b.  The  observations  in  the  Churchill 
journal  were  divided  into  a  series  of  contiguous  recording  stations 
and  zones.  The  stations  included  the  two  sites  occupied  by 
Churchill  Factory  (i.e.  Old  Fort  and  Prince  of  Wales's  Fort)  during 
the  period  of  record,  and  the  marked  promontory  of  Mosquito  Foint. 
The  recording  zones  embraced  the  two  reaches  of  the  river  between 
these  stations  and  the  reach  above  Mosquito  Point.  (Fig.  5.7b). 

The  observations  in  the  York  journal  were  divided  into  four 
recording  stations  and  three  recording  zones.  The  stations  embraced 
two  sites  occupied  by  York  Factory  (York  Factory  I  and  York  Factory 
II),  and  Mile  Bluff  and  Point  of  Marsh.  All  the  stations  are 
separated  by  recording  zones  except  the  reach  intervening  between 
the  two  settlement  sites.  No  recording  zone  was  distinguished  in 
this  case  because  of  the  short  distance  between  the  settlement  and 


Fig.  5.7a  "A  DRAUGHT  OF  CHURCHILL  RIVER 
1752,  BY  JOSEPH  ROBSON 
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Source:  Joseph  Robson,  An  Account  of  Six  Years  Residence  in  Hudson1 s-Bay , 
London,  1752,  facing  p.  9. 


Old  Fort 


Fig.  5.7b  RECORDING  STATIONS  AND  ZONES  -  CHURCHILL  RIVER. 


Fig.  5.8a  "A  DRAUGHT  OF  NELSON  &  HAYES'S  RIVERS 
1752,  BY  JOSEPH  ROBSON 


6  2 


Source:  Joseph  Robson,  An  Account  of  Six  Years  Residence  in  Hudson' s-Bay, 
London,  1752,  facing  title  page. 
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Fig.  5.8b  RECORDING  STATIONS  AND  ZONES  -  HAYES  RIVER. 


Fig.  5.9a  "A  PLAN  OF  ALBANY  RIVER 
1774,  BY  SAHUEL  HEARNE 
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Source:  E.E.  Rich  (ed.).  Moose  Fort  Journals  1783-85,  London  1954,  at  end. 
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Fig.  5.9b  RECORDING  STATIONS  AND  ZONES  -  ALBANY  RIVER. 


Fig.  5.10a  "PLAN  OF  MOOS  RIVER 

1774,  BY  SAMUEL  HEARNE 


Source:  E.E.  Rich  (ed.),  Moose  Fort  Journals  1783-85,  London,  1954,  at  end. 


Fig.  5.10b  RECORDING  STATIONS  AND  ZONES  -  MOOSE  RIVER 
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the  paucity  of  comment  relating  to  it  (Fig.  5.8b). 

Likewise  at  Albany,  one  station  and  three  zones  were  distin¬ 
guished.  The  station  comprised  the  site  of  Fort  Albany  on 
Factory  Island  during  the  period  of  record,  and  the  zones  embraced 
the  reaches  above  Albany,  from  Albany  down  to  Ball  Island,  and 
below  Ball  Island  (Fig.  5.9b). 

In  the  Moose  journal  two  stations  were  distinguished  -  Moose 
Factory  and  Haysey  Island,  and  the  following  three  zones  -  above 
Haysey  Island,  Moose  Factory  to  Middleborough  Island  and  below 
Middleborough  Island  (Fig.  5.10b). 

The  spatial  variations  in  the  context  units  were  thus  accom¬ 
modated  by  the  above  procedures  and  were  implemented  using  the 
following  coding  rules: 

1)  The  spatial  context  of  a  recording  unit  can  be  stated 
both  implicitly  and  explicitly.  It  was  generally  the 
case  that  recording  units  describing  conditions  at  the 
place  where  the  journal  was  kept  did  so  implicitly. 

These  are  to  be  uniformly  interpreted  as  referring  to 
the  places  where  the  journals  were  kept. 

2)  Assertions  describing  ice  and  water  conditions  at  places 
other  than  where  the  journal  was  kept  generally  referred 
explicitly  to  the  places  involved.  Only  when  explicit 
references  of  this  nature  were  made  are  the  recording 
units  to  be  utilized. 

3)  Statements  to  the  effect  that  the  observation  applied 
to  the  river  "above"  or  "below"  a  recording  station  or 
zone  without  specifying  their  spatial  context  more  fully 
are  to  be  considered  exceptions  to  rule  2)  above  and  to 
be  classified  into  the  nearest  recording  zone  or  station 
above  or  below  the  station  or  zone  mentioned. 

3.  System  of  Enumeration 


In  this  analysis  the  recording  units  comprise  the  units  of 


enumeration.  The  system  of  enumeration  simply  involves  logging 
the  recording  units  into  the  categories  on  the  basis  of  their 
appearance  or  non-appearance  within  the  context  units .  When  a 
recording  unit  appears  within  a  given  context  unit,  it  is  enumer¬ 
ated  in  terms  of  the  date  and  place  of  that  context  unit,  or  else 
in  terms  of  the  rules  regarding  temporal  and  spatial  contexts. 

Because  the  content  analysis  seeks  to  yield  numerical 
information,  the  dates  of  the  context  units  were  converted  to 
numbers  of  days  after  January  1  with  appropriate  attention  given 
to  leap  years.  Dates  observed  prior  to  September  14,  1752,  were 
adjusted  to  accommodate  the  Gregorian  Calendar  reform.  This  en¬ 
tailed  adding  12  days  to  all  dates  prior  to  the  reform. 

The  following  coding  rules  were  formulated  to  expedite  the 
system  of  enumeration: 

1)  If,  in  a  particular  year,  a  theme  containing  a  positive 
assertion  is  duplicated  on  more  than  one  date  at  the 
same  recording  station  or  zone,  the  date  to  be  logged 
is  the  first. 

2)  If,  in  a  particular  year,  a  theme  containing  a  negative 
assertion  is  duplicated  on  more  than  one  date  at  the 
same  recording  station  or  zone,  the  date  to  be  logged 
is  the  last. 

3)  Themes  relating  to  first  complete  freezing  and  first  ice 
free  are  only  acceptable  for  a  recording  zone  if  the 
whole  of  the  zone  is  described  as  having  these 
characteristics . 


CHAPTER  VI 


RELIABILITY  TESTING 


Reliability  testing  seeks  to  achieve  a  measure  of  objectivity 
by  comparing  the  results  obtained  when  different  coders  apply  the 
same  content  analysis  to  the  same  documents.  This  testing  is 
normally  applied  to  a  small  sample  of  the  documents  before  the 
analysis  is  finally  applied  to  the  entire  body  of  text.  Only  when 
the  analyst  is  satisfied  with  the  results  of  the  reliability 
testing  should  he  proceed  to  implement  the  full  scale  content 
analysis . 

A.  Nature  of  the  Test 

The  testing  was  designed  to  gauge  the  reliability  with  which 
different  coders  arrived  at  the  same  dates.  It  did  not  test  the 
reliability  with  which  they  made  the  same  judgements  about  all 
statements  because  a  great  many  of  these  judgements  were  not 
registered  in  the  test  as  recording  units.  For  example,  a  sequence 
of  statements  to  the  effect  that  ice  is  in  the  river  should  yield 
only  one  date,  namely  that  of  the  first  in  the  sequence.  Thus, 
although  the  coders  may  have  made  the  same  judgements  about  several 
assertions,  only  their  agreements  about  the  first  would  be  expected 
to  appear  in  the  test. 

It  should  be  observed  that  indices  of  reliability  used  in 
content  analysis  often  take  into  account  the  probability  of  agree¬ 
ments  by  change  among  the  coders.  This  was  not  part  of  the  testing 
in  this  case  since,  as  has  been  pointed  out,  the  total  number  of 
coder  judgements  is  unknown,  and  expected  frequencies  of  agreement 


could  not  therefore  be  calculated.  The  test  was  so  designed 
because  its  purpose  was  to  gauge  intercoder  agreement  on  the  dates 
required,  and  not  the  agreement  involved  in  all  judgements  in  the 
analysis.  To  this  end  a  simple  reliability  index  was  calculated 
as  follows : 


R  = 


A 

A+D 


x  100 


where  R  =  reliability  index 

A  =  total  number  of  agreements  between  pairs 
of  coders 

D  =  total  number  of  disagreements  between 
pairs  of  coders 

The  index  employed  compares  the  frequencies  of  agreements  and 
disagreements  between  pairs  of  coders  by  expressing  their  agreements 
as  a  percentage  of  the  total  number  of  coded  decisions.  An  alter¬ 
native  index  based  upon  frequencies  of  agreements  and  disagreements 
between  individual  coders  and  all  other  coders  involved  in  the 
reliability  testing  might  also  have  been  performed.  However,  the 
latter  was  rejected  because  the  index  calculated  is  inversely 
related  to  the  number  of  coders  performing  the  reliability  test. 

It  should  also  be  observed  that  the  testing  employed  here  does  not 
accommodate  the  magnitudes  of  disagreements  between  pairs  of  coders, 
but  simply  considers  whether  or  not  pairs  of  coders  have  arrived  at 
identical  dates. 

Finally,  it  should  be  stressed  that  the  reliability  index  does 
not  provide  a  measure  of  the  method  which  can  be  compared  to  an 
external  criterion,  nor  does  it  provide  an  absolute  measure  of 
category  reliability  and  other  components  of  the  method.  Conse¬ 
quently,  it  is  not  possible  to  state  whether  a  satisfactory  level 
of  reliability  has  been  achieved  by  the  method,  nor  can  satisfactory 
levels  of  reliability  be  defined  for  its  components.  However,  the 
testing  does  provide  an  estimate  of  the  reliability  of  individual 
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components  of  the  method  relative  to  each  other  and  relative  to  the 
overall  reliability  of  the  method. 

The  reliability  testing  was  applied  separately  to  the  freeze- 
up  and  break-up  comments  in  each  journal.  Hence,  eight  separate 
groups  of  tests  were  conducted,  and  each  of  these  was  based  upon 
a  10  percent  random  sample  of  the  years  in  the  period  of  record 
of  the  individual  journals.  The  testing  was  conducted  by  three 
coders,  all  of  whom  were  familiar  with  the  problem  and  procedures 
of  analysis.  The  testing  was  initiated  using  enumeration  tables 
of  the  sort  illustrated  in  Table  6.1.  Each  coder  was  required  to 
scrutinize  all  comments  in  the  freeze-up  and  break-up  periods  in 
each  of  the  sample  years,  and  to  code  all  recording  units  within 
these  samples.  For  each  coder,  this  generated  a  set  of  dates  of 
freeze-up  and  of  break-up  as  defined  by  the  dating  categories.  The 
results  were  compared  to  yield  an  index  of  the  overall  reliability 
of  the  method  as  well  as  indices  of  its  different  components. 

An  example  of  the  dates  generated  in  the  reliability  testing 
is  shown  in  Table  6.2.  These  dates  were  collated  from  the  original 
enumeration  tables  of  the  three  coders  of  the  type  shown  in  Table 
6.1,  and  the  latter  was  modified  to  log  the  results  of  the  test. 

The  rows  were  divided  into  three  parts  to  accommodate  the  dates, 
converted  to  number  of  days  after  January  1,  obtained  by  the  three 
coders  (C.l,  C.2,  C.3). 

The  first  step  in  evaluating  reliability  was  to  scrutinize 
each  box  in  Table  6.2  and  its  counterparts  and  to  count  the  numbers 
of  agreements  and  disagreements  between  pairs  of  coders.  The 
results  of  this  scrutiny  were  transferred  to  a  third  table  of  the 
type  exemplified  in  Table  6.3.  Each  row  was  divided  into  two  parts 
in  order  that  the  boxes  could  accommodate  the  number  of  agreements 
(A)  and  the  number  of  disagreements  (D)  between  pairs  of  coders 
making  decisions  in  those  boxes  in  which  dates  were  logged  in 
Table  6.2  and  its  counterparts.  The  matrix  on  the  right  hand  side 
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RECORDING  STATIONS  AND  ZONES 


YEAR  1862 

CODER  1 

ABOVE  MOSQUITO  POINT 

MOSQUITO  POINT 

MOSQUITO  POINT  TO 

CHURCHILL  FACTORY  I 

1  CHURCHILL  FACTORY  I 

CHURCHILL  FACTORY  I 

TO 

CHURCHILL  FACTORY  II 

CHURCHILL  FACTORY  II 

5.  FIRST  DATE 

BROKEN 

JUNE  2 

JUNE  3 

6.  LAST  DATE 

NOT  BROKEN 

7.  FIRST  DATE 

ICE  FREE 

JUNE  7 

JUNE  7 

JUNE  7 

8.  LAST  DATE 

NOT  ICE  FREE 

13.  FIRST  DATE 

NOT  TRAFFICABLE 

14.  LAST  DATE 
TRAFFICABLE 

15.  FIRST  DATE 
NAVIGABLE 

16.  LAST  DATE 

NOT  NAVIGABLE 

TABLE  6.1  BREAK-UP  AT  CHURCHILL  IN  1862,  DATED  BY  CODER  1. 

THIS  IS  AN  EXAMPLE  OF  THE  USE  OF  THE  ENUMERATION 
TABLE  FOR  RECORDING  DATES  OBTAINED  BY  INDIVIDUAL 
CODERS  IN  THE  RELIABILITY  TESTING. 


DATING  CATEGORIES  AND  CODERS 


RECORDING  STATIONS  AND  ZONES 


YEAR  1862 

ABOVE  MOSQUITO  POINT 

MOSQUITO  POINT 

MOSQUITO  POINT  TO 

CHURCHILL  FACTORY  I 

CHURCHILL  FACTORY  I 

CHURCHILL  FACTORY  I 

TO 

CHURCHILL  FACTORY  II 

CHURCHILL  FACTORY  II 

5.  FIRST  DATE 
BROKEN 

C.l 

153 

L  154 

C.  2 

153 

154 

158 

158 

C.3 

153 

154 

6.  LAST  DATE 

NOT  BROKEN 

C.l 

C.  2 

C.3 

7.  FIRST  DATE 

ICE  FREE 

C.l 

160 

160 

160 

C .  2 

C.3 

158 

158 

158 

8.  LAST  DATE 

NOT  ICE  FREE 

C.l 

C.  2 

C.3 

13.  FIRST  DATE  NOT 
TRAFFICABLE 

C.l 

C .  2 

C.3 

14.  LAST  DATE 
TRAFFICABLE 

C.l 

C .  2 

C.3 

15.  FIRST  DATE 
NAVIGABLE 

C.l 

C .  2 

C.3 

16.  LAST  DATE  NOT 
NAVIGABLE 

C.l 

C.  2 

C.3 

TABLE  6.2  BREAK-UP  AT  CHURCHILL  IN  1862.  THIS  IS  AN  EXAMPLE  OF 
THE  MODIFIED  ENUMERATION  TABLE  USED  TO  RECORD  THE 
THREE  SETS  OF  DATES  OBTAINED  BY  THE  THREE  CODERS 
IN  THE  RELIABILITY  TESTING. 
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Q 
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Q 
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Q 
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<5 

Q 

<< 

Q 
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Q 

5.  FIRST  DATE 
BROKEN 

6.  LAST  DATE 

NOT  BROKEN 

7.  FIRST  DATE 

ICE  FREE 

8.  LAST  DATE 

NOT  ICE  FREE 

13.  FIRST  DATE 

NOT 

TRAFFICABLE 

14.  LAST  DATE 
TRAFFICABLE 

15.  FIRST  DATE 
NAVIGABLE 

16.  LAST  DATE 

NOT  NAVIGABLE 

siNaHaaaovsia  qnv  siNawaanov 
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TABLE  6.3.  BREAK-UP  AT  CHURCHILL  IN  1862.  THIS  IS  AN  EXAMPLE  OF 
THE  MODIFIED  ENUMERATION  TABLE  USED  TO  RECORD  THE 
DISTRIBUTION  OF  AGREEMENTS  (A)  AND  DISAGREEMENTS  (D) 
AMONG  PAIRS  OF  CODERS  IN  THE  RELIABILITY  TESTING. 
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of  Table  6.3  was  used  to  count  the  total  number  of  agreements  and 
disagreements  between  each  pair  of  coders.  The  total  numbers  of 
pairs  of  agreements  and  disagreements  were  logged  below  the  matrix. 

A  scrutiny  of  the  example  contained  in  Table  6.2  will  clarify 
the  ways  in  which  agreements  and  disagreements  were  thus  enumerated. 
Observe  that  in  column  2  row  1,  all  coders  arrived  at  the  same  date 
for  the  first  date  broken  at  Mosquito  Point.  Consequently,  in 
column  2  row  1  of  Table  6.3,  three  agreements  and  no  disagreements 
are  registered  and  one  tick  was  entered  into  each  box  of  the  inter¬ 
coder  agreement  matrix.  Exactly  the  same  procedure  was  followed 
for  column  4  row  1.  In  column  5  row  1,  only  one  coder  saw  fit  to 
identify  a  date  of  first  date  broken  in  the  recording  zone  Churchill 
Factory  I  to  Churchill  Factory  II.  The  remaining  two  coders  agreed 
that  no  date  of  this  nature  could  be  identified.  Consequently, 
there  was  one  agreement  between  Coders  1  and  3  and  disagreements 
between  Coders  1  and  2,  and  between  Coders  2  and  3.  This  single 
agreement  and  the  two  disagreements  were  logged  in  the  inter-coder 
matrix  in  Table  6.3.  In  the  box  identified  by  column  5  or  1,  one 
agreement  and  two  disagreements  were  logged  in  Table  6.3.  This 
procedure  of  evaluating  agreements  and  disagreements  was  followed 
for  the  remaining  4  boxes  containing  dates  in  Table  6.2  and  the 
whole  yielded  a  total  of  8  agreements  and  13  disagreements  in  Table 
6.3. 

The  information  contained  in  all  tables  of  the  type  correspond¬ 
ing  to  Table  6.3  was  summarized  in  Tables  6.4a-h,  so  yielding  a 
summary  table  for  break-up  at  each  post  and  a  summary  table  for 
freeze-up  at  each  post.  The  summary  tables  contain  the  following 
information  on  the  sample  dates  for  each  journal  during  freeze-up 
and  for  each  journal  during  break-up: 

1)  each  box  was  subdivided  into  three  parts  to  accommodate 
the  total  agreements  (A)  and  disagreements  (D)  in  that 
box,  and  also  to  accommodate  the  reliability  index  (R) 
of  that  box; 
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TABLE  6,4a.  SUMMARY  TABLE  SHOWING  RELIABILITY  INDEX  (R)  AND 

DISTRIBUTION  OF  AGREEMENTS  (A)  AND  DISAGREEMENTS  (D) 
AMONG  PAIRS  OF  CODERS,  IN  THE  RELIABILITY  TESTING  OF 
THE  CHURCHILL  JOURNAL  DURING  BREAK-UP. 
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TABLE  6.4b.  SUMMARY  TABLE  SHOWING  RELIABILITY  INDEX  (R) 
AND  DISTRIBUTION  OF  AGREEMENTS  (A)  AND 
DISAGREEMENTS  (D)  AMONG  PAIRS  OF  CODERS,  IN 
THE  RELIABILITY  TESTING  OF  THE  CHURCHILL 
JOURNAL  DURING  FREEZE-UP. 
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TABLE  6.4c.  SUMMARY  TABLE  SHOWING  RELIABILITY  INDEX  (R)  AND 

DISTRIBUTION  OF  AGREEMENTS  (A)  AND  DISAGREEMENTS  (D) 
AMONG  PAIRS  OF  CODERS,  IN  THE  RELIABILITY  TESTING  OF 
THE  YORK  JOURNAL  DURING  BREAK-UP. 
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TABLE  6 . 4d .  SUMMARY  TABLE  SHOWING  RELIABILITY  INDEX  (R)  AND 

DISTRIBUTION  OF  AGREEMENTS  (A)  AND  DISAGREEMENTS  (D) 
AMONG  PAIRS  OF  CODERS,  IN  THE  RELIABILITY  TESTING  OF 
THE  YORK  JOURNAL  DURING  FREEZE-UP. 
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TABLE  6.4e.  SUMMARY  TABLE  SHOWING  RELIABILITY  INDEX  (R)  AND 

DISTRIBUTION  OF  AGREEMENTS  (A)  AND  DISAGREEMENTS  (D) 
AMONG  PAIRS  OF  CODERS,  IN  THE  RELIABILITY  TESTING  OF 
THE  ALBANY  JOURNAL  DURING  BREAK-UP. 
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TABLE  6.4f.  SUMMARY  TABLE  SHOWING  RELIABILITY  INDEX (R)  AND 

DISTRIBUTION  OF  AGREEMENTS  (A)  AND  DISAGREEMENTS  (D) 
AMONG  PAIRS  OF  CODERS,  IN  THE  RELIABILITY  TESTING  OF 
THE  ALBANY  JOURNAL  DURING  FREEZE-UP. 


RECORDING  STATIONS  AND  ZONES 
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TABLE  6 . 4g.  SUMMARY  TABLE  SHOWING  RELIABILITY  INDEX  (R)  AND 

DISTRIBUTION  OF  AGREEMENTS  (A)  AND  DISAGREEMENTS  (D) 
AMONG  PAIRS  OF  CODERS,  IN  THE  RELIABILITY  TESTING  OF 
THE  MOOSE  JOURNAL  DURING  BREAK-UP. 


RECORDING  STATIONS  AND  ZONES 
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TABLE  6 . 4h.  SUMMARY  TABLE  SHOWING  RELIABILITY  INDEX  (R)  AND 

DISTRIBUTION  OF  AGREEMENTS  (A)  AND  DISAGREEMENTS  (D) 
AMONG  PAIRS  OF  CODERS,  IN  THE  RELIABILITY  TESTING  OF 
THE  MOOSE  JOURNAL  DURING  FREEZE-UP. 
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2)  row  and  column  totals  of  agreements  and  disagreements 
were  given  at  the  bottoms  of  the  columns  and  at  the 
ends  of  rows,  and  R  was  calculated  for  each  of  these 
totals ; 

3)  total  agreements  and  disagreements  among  pairs  of  coders 
were  given  in  the  inter-coder  matrix; 

4)  grand  totals  of  agreements  and  disagreements  were  given 
below  the  inter-coder  matrix  and  R  was  calculated  for 
these  totals. 

B .  The  Reliability  Index  and  its  Component  Variations 

Tables  6.4a-h  contain  total  frequencies  of  coding  agreements 
and  disagreements  for  each  journal  during  freeze-up  and  break-up. 

The  summation  of  these  sets  of  eight  total  agreements  and  disagree¬ 
ments  yields  grand  totals  for  the  calculation  of  an  overall 
reliability  index  of  the  analysis.  This  calculation  shows  that  64 
per  cent  of  all  pairs  of  decisions  between  all  coders  in  the  journals 
were  agreements.  A  cursory  examination  of  Tables  6.4a-h  indicates 
that,  in  specific  cases,  reliability  indices  differ  greatly  from 
this  overall  value.  These  differences  are  illustrated  in  Fig.  6.1, 
which  identifies  the  major  components  into  which  the  overall  re¬ 
liability  index  can  be  resolved. 

1.  Coder  Reliability 

The  comparative  reliability  of  different  coders  can  be  gauged 
from  the  data  contained  in  the  inter-coder  matrices  in  Tables  6.4a-h. 
These  results  indicate  that  agreements  were  most  common  between 
Coder  1  and  Coder  2,  and  least  common  between  Coder  2  and  Coder  3. 
Variations  in  coder  reliability  are  indicated  by  these  results  and 
are  confirmed  when  each  coder's  performance  with  both  of  his 
colleagues  is  totalled.  Thus,  Coder  1  scored  a  total  of  520  agree¬ 
ments  and  261  disagreements,  giving  a  reliability  index  of  67  as 
shown  in  Fig.  6.1.  The  comparative  indices  for  Coders  2  and  3  in 
Fig.  6.1  were  65  and  60  respectively. 


300 
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Fig.  6.1  COMPONENTS  OF  RELIABILITY  INDEX  AND  FREQUENCIES  OF 
PAIRS  OF  DECISIONS  (A+D)  RELATING  TO  EACH  DATING 
CATEGORY  AND  EACH  RECORDING  STATION  AND  ZONE. 
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These  values  differ  slightly  from  the  overall  reliability 
index,  but  to  a  much  lesser  extent  than  the  reliability  indices 
of  individual  dating  categories,  individual  journals,  or  indivi¬ 
dual  recording  stations  and  zones.  The  standard  deviation  of  R 
among  coders  is  only  3.6,  whereas  among  journals  it  is  14.1,  among 
dating  places  it  is  18.8  and  among  dating  categories  it  is  26.1. 

This  implies  that  the  variations  among  the  coders  are  far  less  than 
the  variations  among  the  component  parts  of  the  analysis  which  it 
was  the  task  of  the  coders  to  measure.  It  can  therefore  be  concluded 
that  individual  coders  performed  with  approximately  similar  degrees 
of  reliability  and  that  their  differences  from  the  overall  relia¬ 
bility  are  of  comparatively  little  consequence. 

2 .  Journal  and  Dating  Place  Reliability 

The  reliability  indices  for  the  four  journals  were  obtained 
from  the  data  in  Tables  6.4a-h  by  combining  the  total  agreements  in 
freeze-up  with  the  total  agreements  in  break-up  in  each  journal,  and 
by  treating  the  totals  of  disagreements  likewise.  It  is  apparent  from 
Fig.  6.1  that  the  journal  reliability  indices  differ  considerably, 
amounting  to  79  in  the  Churchill  journal,  71  in  the  Albany  journal, 

65  in  the  Moose  journal  and  46  in  the  York  journal.  The  journal 
reliability  indices  vary  considerably  among  themselves  (standard 
deviation  of  14.1)  as  well  as  from  the  overall  reliability  index  of 
64.  These  results  indicate  that  the  dates  obtained  from  the  York 
journal  will  be  less  reliable  than  those  from  the  other  three 
journals.  Among  the  latter,  the  most  reliable  dates  will  be  derived 
from  the  Churchill  journal. 

The  reliability  indices  of  dating  places  in  Fig.  6.1  were 
calculated  from  the  column  totals  in  Tables  6.4a-h  by  summing  the 
pairs  of  A  and  D  obtained  in  freeze-up  and  break-up  at  each  dating 
place.  These  indices  display  even  greater  variability  than  those 
of  the  journals  and  range  from  38  to  90.  Although  the  dating  places 
derived  from  each  journal  are  geographically  unique,  they  have 
certain  general  properties  in  common.  They  can  be  classified,  on 
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the  one  hand,  into  places  where  the  journals  were  kept  and  places 
where  the  journals  were  not  kept,  and,  on  the  other  hand,  into 
recording  stations  and  recording  zones.  Table  6.5  contains 
reliability  indices  of  each  class  of  dating  place  in  each  journal. 


TABLE  6.5  ANALYSIS  OF  RELIABILITY  INDICES  OF  DATING  PLACES 
(compares  places  where  journals  were  kept  with 
places  where  journals  were  not  kept;  and  compares 
recording  stations  with  recording  zones) . 


Places 

Where 

Journal 

Kept 

Places 

Where 

Journal 

Not  Kept 

Recording  Recording 
Stations  Zones 

CHURCHILL 

84 

76 

86 

70 

YORK 

61 

44 

56 

42 

ALBANY 

85 

53 

85 

53 

MOOSE 

74 

53 

68 

56 

ALL  JOURNALS 

75 

54 

71 

53 

The  most  important  conclusions  that  can  be  drawn  from  the 
relative  magnitudes  of  the  reliability  indices  of  dating  places 
are  apparent  in  Table  6.5.  Dates  derived  for  places  where  the 
journals  were  kept  were  consistently  more  reliable  than  those 
derived  for  places  where  the  journals  were  not  kept.  It  is  also 
apparent  that  the  dates  derived  for  recording  stations  were  con¬ 
sistently  more  reliable  than  those  derived  for  recording  zones. 

3.  Break-up  and  Freeze-up  and  Dating  Category  Reliability 

The  reliability  index  for  break-up  in  Fig.  6.1  was  obtained 
by  summing  the  total  agreements  in  Tables  6.4a,  c,  e  and  g,  and 
the  total  disagreements  in  these  tables.  A  similar  operation 
yielded  the  reliability  index  for  freeze-up  from  Tables  6.4b,  d,  f 
and  h.  These  two  indices  varied  little  from  the  overall  index  and 
they  indicated  that  the  freeze-up  dates  were  generally  more 
reliable. 
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The  reliability  indices  for  individual  dating  categories  were 
calculated  from  the  row  totals  in  Tables  6.4a— h  by  summing  the 
apirs  of  A  and  D  obtained  in  each  dating  category  in  the  four 
journals.  Variability  among  these  indices  was  more  pronounced 
than  that  in  dating  places  and  ranged  from  17  to  100. 

The  different  categories  bearing  upon  the  dates  of  freeze-up 
and  break-up  required  by  the  question  were  combined  to  yield 
reliability  indices  for  each  of  the  four  dates  as  shown  in  Table 
6.6. 


TABLE  6.6  RELIABILITY  INDICES  OF  DATES  OF  FREEZE-UP  AND  BREAK-UP 


First 

Partial 

Freezing 

First 

Complete  First 

Freezing  Breaking 

First 

Ice  Free 

CHURCHILL 

78 

81 

86 

13 

YORK 

51 

49 

57 

38 

ALBANY 

91 

61 

72 

58 

MOOSE 

100 

60 

61 

33 

ALL  JOURNALS 

72 

63 

69 

38 

It  is  evident  in  Table  6.6  that  the  most  reliable  dates  in 
freeze-up  and  in  break-up  were  those  indicating  the  initiation,  as 
opposed  to  the  completion,  of  these  processes.  The  least  reliable 
dates  are  those  of  First  Ice  Free;  the  most  reliable  are  the  dates 
of  First  Partial  Freezing. 

Table  6.7  compares  the  reliability  with  which  the  coding  of 
direct  and  indirect  dating  categories  was  achieved.  It  is  evident 
that  the  direct  dating  categories  were  generally  more  reliable 
than  the  indirect.  It  should  be  observed  from  Fig.  6.1  that  indir¬ 
ect  dating  categories  were  rarely  used.  For  example,  the  reliability 
index  of  100  in  Dating  Category  14  in  Fig.  6.1  was  derived  from  only 
three  coder  judgements. 
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TABLE  6.7  RELIABILITY  INDICES  OF  DIRECT  AND  INDIRECT  DATING 

CATEGORIES 


Direct  Dating 
Categories 

Indirect  Dating 
Categories 

CHURCHILL 

80 

100 

YORK 

52 

33 

ALBANY 

73 

57 

MOOSE 

67 

44 

ALL  STATIONS 

65 

46 

C .  Reliability  Indices  of  Specific  Dates  of  Freeze-up 

and  Break-up 

The  above  analyses  have  shown  that  the  direct  dating  categories 
were  more  reliable  than  the  indirect,  and  that  dates  obtained  at  the 
places  where  the  journals  were  kept  were  more  reliable  than  those 
obtained  elsewhere.  This  implies  that,  in  general,  the  most  reliable 
dates  were  obtained  when  direct  dating  categories  were  applied  at  the 
places  where  the  journals  were  kept.  The  information  contained  in 
Table  6.6  further  indicates  that,  among  the  direct  dating  categories, 
the  best  results  will  be  obtained  when  first  partial  freezing  and 
first  breaking  are  dated  at  the  places  where  the  journals  were  kept. 
Reliability  indices  of  these  dates  using  dating  categories  1  and  5 
were  extracted  from  the  appropriate  boxes  in  Tables  6.4a-h  and 
justaposed  in  Table  6.8. 

TABLE  6.8  RELIABILITY  INDICES  OF  FIRST  DATE  PARTLY  FROZEN  AND  FIRST 
DATE  BROKEN  AT  THE  PLACES  WHERE  THE  JOURNALS  WERE  KEPT 


Churchill 
Factory  I 

Churchill 
Factory  II 

York 

Factory  I 

York 

Factory  II 

Fort 

Albany 

Moose 

Factory 

All  Places 

Where 

Journals 

First  Date 
Partly  Frozen 

83 

100 

75 

100 

100 

100 

94 

First  Date 
Partly  Broken 

93 

93 

67 

63 

86 

76 

80 

91 


Thus,  the  most  reliable  freeze-up  date  that  will  be  yielded 
by  the  method  is  the  First  Date  Partly  Frozen  delimited  by  Dating 
Category  1  at  the  places  where  the  different  journals  were  kept. 
The  most  reliable  date  of  break-up  will  be  the  First  Date  Partly 
Broken  yielded  by  Dating  Category  5  at  the  places  where  the 
journals  were  kept. 


CHAPTER  VII 


THE  DATES  AND  THEIR  VALIDITY 


Following  the  reliability  testing,  the  content  analysis  was 
operationalized  to  provide  break-up  and  freeze-up  enumeration 
tables  for  each  journal  in  each  year.  The  enumeration  tables 
contain  a  variety  of  dates  of  break-up  and  freeze-up,  all  of  which 
were  designed  to  measure  the  boundaries  in  the  four  stage  model  of 
breaking  and  freezing.  Obviously,  some  of  these  dates  will  provide 
a  better  chronological  record  of  the  events  defined  by  the  bound¬ 
aries  than  will  others.  The  initial  purpose  of  this  chapter  is  to 
select  from  the  enumeration  tables  those  dates  that  will  furnish 
the  best  records  of  break-up  and  freeze-up.  Following  this,  the 
selected  dates  are  examined  with  a  view  to  assessing  their  validity. 

A.  Deriving  the  Dates 

The  enumeration  tables  identify  16  dating  categories  at  22 
different  dating  places  and  therefore  accommodate  a  total  of  352 
different  types  of  dates  of  break-up  and  freeze-up.  Because  of  the 
distribution  of  information  in  the  journals,  however,  the  majority 
of  these  types  of  dates  were  rarely  identified  in  the  analysis  and 
therefore  do  not  provide  chronological  sequences  of  dates  of 
climatological  significance.  Consequently,  the  dates  of  break-up 
and  freeze-up  published  in  this  monograph  are  selected  dates  which 
the  authors  consider  to  be  of  direct  value  to  the  environmental 
scientist.  This  does  not  mean  that  the  unpublished  dates  are 
without  value,  since  many  of  these  dates  have  been  effectively 
employed  to  estimate  missing  dates  in  the  published  sequences. 
Although  not  within  the  scope  of  this  monograph,  they  would,  for 


example,  be  of  crucial  importance  in  time-series  analyses  of  the 
dates . 

The  types  of  dates  in  the  enumeration  tables  which  provide  the 
most  useful  information  are  those  which  yield  the  longest  and  most 
complete  records,  those  that  bear  most  directly  upon  contemporary 
standards  and  norms  and  those  which  have  been  derived  with  the 
highest  reliability.  This  analysis  has  furnished  detailed  infor¬ 
mation  bearing  upon  all  three  criteria.  An  examination  of  all 
enumeration  tables  shows  that  by  far  the  greatest  number  of  dates 
yielded  in  the  analysis  were  those  pertaining  to  Dating  Categories 
1,  3  and  5  at  the  places  where  the  journals  were  kept.  It  is  these 
dates,  therefore,  that  yield  the  longest  and  most  complete  record. 
Moreover,  these  categories,  together  with  Dating  Category  7,  bear 
most  directly  upon  the  modern  standards  and  norms,  and  this  property 
further  recommends  their  inclusion  in  the  tabulation  of  dates  in  the 
appendices.  The  results  of  the  reliability  testing  contribute 
additional  weight  to  this  conclusion  since  these  dates  were  generally 
obtained  with  greatest  reliability.  Therefore,  the  dates  tested 
for  validity  are  those  derived  from  Dating  Categories  1,  3  and  5 
obtained  at  the  places  where  the  journals  were  kept,  namely, 

Churchill  Factory  1,  Churchill  Factory  2,  York  Factory  1,  York 
Factory  2,  Fort  Albany  and  Moose  Factory. 

B .  Validity  Testing 

Reliability  is  a  necessary  but  not  sufficient  condition  for 
validity.  Validity  indicates  the  degree  to  which  the  researcher 
has  measured  what  he  has  set  out  to  measure,  while  reliability 
indicates  only  the  degree  to  which  he  has  performed  his  measurements 
consistently  or  objectively.  Thus,  several  observers  reading  a 
clock  with  a  broken  mainspring  would  arrive  at  the  same  measurements 
of  time  (reliability)  but  they  would  not  record  the  correct  time 
(validity) .  The  purpose  of  this  section  is  to  assess  the  validity 
with  which  the  content  analysis  method  has  measured  the  dates  of 
freeze-up  and  break-up  which  it  set  out  to  measure. 
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1.  Validity  Testing  in  Content  Analysis 

Four  approaches  to  validation  are  recognized  in  the  general 

literature  on  content  analysis.1 2  They  are  derived  from  the  social 

2 

sciences  and  from  the  field  of  psychology  in  particular. 

The  least  rigorous  of  these  is  content  or  face  validity  which 
amounts  to  little  more  than  demonstrating  that  the  measurements 
obtained  by  the  method  are  plausible.  This  approach  is  essentially 
impressionistic  since  plausibility  is  not  established  with  reference 
to  precise  criteria.  Face  validation  is  a  crude  procedure  which  is 
resorted  to  only  in  the  event  that  more  stringent  methods  cannot 
be  applied. 

There  are  close  affinities  between  the  second  and  third 
approaches,  namely  predictive  and  concurrent  validation.  They  are 
similar  in  the  fundamental  sense  that  the  validity  of  the  content 
analysis  is  assessed  against  external,  measured  criteria.  They 
differ  only  insofar  as  the  former  requires  the  ability  to  predict 
future  values  of  the  external  criteria  while  the  latter  is  required 
to  confirtii  external  measurements  that  are  contemporaneous  with  those 
of  the  analysis.  In  each  case  the  quality  of  the  test  is  limited 
by  the  nature  of  the  external  criteria  against  which  the  researcher's 
results  are  assessed. 

The  final  approach  to  validation  is  construct  validity  in  which 
the  measure  is  validated  by  references  to  universally  established 
theory.  It  represents  the  ultimate  sanction  of  the  results  in  terms 
of  the  canons  of  scientific  method.  It  should  be  cautioned,  however, 
that  the  test  is  only  as  good  as  the  theory  to  which  the  appeal  is 
made,  and  the  rigor  of  the  scientific  method  is  achieved  only  in 
instances  where  universally  held  theory  has  been  established  with 
mathematical  formality. 


1.  Holsti ,  O.R.,  Content  Analysis  for  the  Social  Sciences  and 
Humanities ,  Don  Mills,  1969,  pp.  142-149. 

2.  American  Psychology  Association,  "Technical  Recommendations," 
Psychological  Bulletin,  Vol.  51,  1954,  pp.  13-28. 
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2 .  Validity  Testing  in  Climatology 

The  general  problem  of  validation  in  climatology  is  conceived 

of  as  a  problem  in  establishing  the  homogeneity  of  climatological 
3 

results.  This  is  not  explicitly  expressed  in  the  climatological 
literature  as  a  problem  of  validation  but  the  objectives  of  homo¬ 
geneity  testing  are  essentially  those  of  validation. 

The  climatologist  recognizes  a  dichotomy  between  relative 
and  absolute  homogeneity.  The  concept  of  relative  homogeneity  is 
based  upon  the  assumption  that  the  climatological  data  observed  in 
comparatively  small  geographical  areas  will  respond  in  unison  to 
large-scale  weather  processes.  Thus,  the  test  of  relative  homogen¬ 
eity  can  be  interpreted  as  an  evaluation  of  the  ability  of  one 
sequence  of  measurements  to  mirror  the  trends  in  others.  This  is 
directly  analogous  to  the  objectives  of  concurrent  validation, 
where  the  validity  of  one  set  of  measurements  is  established  by  its 
ability  to  confirm  external  ones. 

The  concept  of  absolute  homogeneity  was  developed  in  the 
search  for  more  rigorous  methods  of  validating  data  and,  in  its 
broadest  sense,  represents  a  step  toward  the  achievement  of 
construct  validation.  The  application  of  construct  validation  in 
climatology  would  require  that  the  true  nature  of  climatic  changes 
had  been  lawfully  established.  However,  knowledge  of  climatic 
change  is  nebulous  and  theories  pertaining  to  the  nature  of  these 
changes  are  uncertain.  In  the  light  of  this  circumstance,  the 
drive  for  rigor  has  been  achieved  only  by  conceiving  of  absolute 
regional  trends  obtained  by  averaging  or,  in  some  other  way, 
combining  the  results  from  many  parallel  sequences  of  data  drawn 
from  each  region.  Thus,  results  are  validated  in  absolute  homogen¬ 
eity  testing  by  comparing  them  to  the  particular  external  criteria 

3.  World  Meteorological  Organization,  Climatic  Change,  Technical 
Note  No.  79,  1966,  pp.  7-17. 
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of  regional  trends.  The  formulation  of  the  concept  of  absolute 
homogeneity  is  diagnostic  of  a  desire  on  the  part  of  the  climatol¬ 
ogist  to  achieve  construct  validation,  but  the  procedure  used  for 
absolute  homogeneity  testing  is  clearly  an  exercise  in  concurrent 
validation  testing. 

3.  Validity  Test  of  Dates 

Three  of  the  general  methods  of  validity  testing  recognized 
in  content  analysis  are  unsuitable  or  inapplicable  in  this  context. 
Although  face  validity  may  be  sufficient  in  some  content  analyses, 
it  is  not  sufficiently  stringent  for  this  study,  especially  if  the 
results  are  to  be  employed  to  detect  temporal  variations  in  dates 
of  freeze-up  and  break-up.  As  stated  previously,  the  weakness  of 
theory  relating  to  climatic  change  is  such  as  to  preclude, the  use 
of  construct  validity  testing.  However,  since  the  analysis  has 
generated  sequences  of  dates  from  independent  stations  its  results 
are  potentially  amenable  to  concurrent  validity  testing.  Predict¬ 
ive  validity  testing  might  also  be  employed  in  this  case,  but  only 
in  an  ex  post  facto  manner  and  would  therefore  comprise  no  improve¬ 
ment  upon  concurrent  validity  testing.  Moreover,  since  concurrent 
validity  is  directly  analogous  to  the  testing  procedures  recommended 
for  climatological  data  of  this  sort,  concurrent  validity  testing 
will  be  applied  to  the  dates  of  break-up  and  freeze-up  yielded  by 
this  analysis. 

The  test  for  concurrent  validity  was  designed  to  measure  the 
relative  homogeneity  among  the  above  dates.  A  scrutiny  of  the  dates 
indicated  that  they  are  sufficiently  normally  distributed  to  justify 
use  of  simple  product-moment  correlation  analysis  of  pairs  of  dates 
for  this  purpose.  A  measure  of  the  relative  homogeneity  between 
each  pair  of  dates  is  given  in  Tables  7.1a-c,  which  contain  product- 
moment  correlation  coefficients. 

A  high  degree  of  relative  homogeneity  between  any  paired 
sequence  of  dates  can  be  obtained  only  if  the  environmental 
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Freeze-up  1  (Singh) 
Dating  Category  1 


Freeze-up  2  (Singh) 
Dating  Category  3 


~  Break-up  1  (Singh) 
TivT-T!  Dating  Category  5 


Fig.  7.1  COMPARISONS  OF  FREQUENCY  DISTRIBUTIONS  OF  SINGH'S 
CORRELATION  COEFFICIENTS  WITH  THOSE  OBTAINED  IN 
DATING  CATEGORIES  1,  3  AND  5. 
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TABLE  7.1  CORRELATION  COEFFICIENTS  BETWEEN  DATES  IN  DIFFERENT 

JOURNALS  (correlation  coefficients  required  for  97.5% 
significance  are  shown  in  parenthesis) 


York  1 

7.1a  Dating  Category  1 

York  2  Albany 

Moose 

Churchill  1 

r=0 .46(0.29) 

r=0 . 07 (0 .63)  r=0.31(0.25) 

r=0 .27 (0.30) 

Churchill  2 

r=0 .38(0. 32) 

r=0 . 20 (0 . 31) 

r=0 . 05 (0 . 33) 

York  1 

r=0. 28(0. 25) 

r=0 .31(0.29) 

York  2 

r-0 .41(0. 31) 

r=0 .05(0. 51) 

Albany 

r=0. 74(0.20) 

York  1 

7.1b  Dating 

York  2 

Category  3 

Albany 

Moose 

Churchill  1 

r=0 .37(0. 30) 

r=0 .12(0. 60) 

r=0 .42(0.29) 

r=0 .64(0. 30) 

Churchill  2 

York  1 

York  2 

Albany 

r=0. 37 (0 . 36) 

r=0 .36(0. 33) 

r=0 .58(0.27) 

r=0 . 04 (0 .53) 

r=0 . 69 (0 . 42) 

r=0 .21(0. 32) 

r=0.61(0.63) 

r=0 .58(0. 25) 

7.1c  Dating 

Category  5 

York  1 

York  2 

Albany 

Moose 

Churchill  1 

r=0 .38(0. 35) 

r=0 .41(0. 35) 

r=0 . 10 (0 . 22) 

r=0 . 25 (0 . 23) 

Churchill  2 

r=0 .28(0. 28) 

r=0. 38(0.47) 

r=0. 23(0 . 22) 

r=0.08(0.23) 

York  1 

r=0 .25(0. 24) 

r=0. 23(0. 27) 

York  2 

r=0 . 53(0 . 33) 

r=0 .53(0. 30) 

Albany 

r=0. 84(0. 18) 

conditions 

affecting  freeze- 

-up  and  break- 

up  at  the  two 

stations  are 

similar  to  a  high  degree,  and  if  the  method  has  yielded  dates  which 
are  valid  to  a  high  degree.  Therefore,  a  high  correlation  coeff¬ 
icient  indicates  that  a  valid  measure  has  been  afforded  by  the 
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analysis.  On  the  other  hand,  a  low  correlation  coefficient  is 
inconclusive  since  it  can  arise  either  from  invalid  measurements 
or  from  environmental  dissimilarities  between  the  two  stations. 
Consequently,  to  demonstrate  the  validity  of  the  method  it  must 
be  shown  that  at  least  one  of  the  correlation  coefficients  in 
Table  7.1a-c  is  sufficiently  high  to  establish  relative  homogeneity. 
This  question  cannot  be  resolved  absolutely  but  can  be  answered  in 
a  relative  sense  by  comparing  the  homogeneity  among  data  yielded  by 
this  analysis  with  that  among  data  obtained  within  the  modern 
network  of  stations  observing  break-up  and  freeze-up  in  Canada. 

The  information  required  for  this  comparison  is  contained  in 
Singh,  the  objectives  of  which  were  to  assess  the  relative  homogen¬ 
eity  between  modern  dates  of  freeze-up  and  break-up  in  Canada  with 
a  view  to  providing  an  insight  into  the  quality  of  modern 
observations.^  For  this  purpose  Singh  divided  Canada  into  hydro- 
climatological  regions  characterized  by  comparatively  uniform 
climates  and  hydrological  conditions.  Within  each  hydroclimatolo- 
gical  region  break-up  and  freeze-up  observing  stations  on  both 
rivers  and  lakes  were  identified  and  paired  in  order  to  compare 
stations  which,  from  physical  considerations,  were  expected  to 
yield  similar  data.  Singh  estimated  homogeneity  using  the  product- 
moment  correlation  coefficient  and  his  estimation  was  applied  only 
in  pairs  where  the  same  standards  and  norms  were  used  at  both 
stations.  Singh's  analysis  was  mainly  applied  to  data  observed 
in  the  14  year  period,  1956-1969,  but  in  some  cases  it  was  applied 
to  sequences  of  data  in  excess  of  20  years  duration. 

The  histograms  in  Figs.  7.1a-c  compare  the  frequency 
distribution  of  the  correlation  coefficients  obtained  by  Singh  with 
those  derived  in  this  analysis  and  presented  in  Tables  7.1a-c.  The 


4.  Singh,  B.,  Break-up  and  Freeze-up  Dates:  A  Case  Study  of 

Inconsistencies  in  Climatological  Data,  M.A.  Thesis,  University 
of  Manitoba,  1973,  pp.  218. 


1  0  0 


three  histograms  in  Fig.  7.1  distinguish  between  types  of  freeze  up 
and  break-up  date.  The  forms  of  the  histograms  are  highly  irregular, 
a  feature  to  be  expected  of  small  samples  of  data.  However,  the 
general  distributions  indicate  that  the  correlation  coefficients 
produced  by  this  analysis  are  not  greatly  dissimilar  from  those 
arrived  at  from  modern  data.  Therefore,  it  cannot  be  concluded 
that  the  dates  obtained  in  this  analysis  are  greatly  different  in 
terms  of  relative  homogeneity  from  those  obtained  in  Singh's 
analysis . 

In  examining  these  frequency  distributions  it  should  be  borne 
in  mind  that  Singh's  correlation  coefficients  are  derived  from 
contemporary  stations  selected  with  a  view  to  analyzing  only  those 
data  most  likely  to  display  relative  homogeneity  on  the  basis  of 
hydroclimatic  similarities.  In  contrast,  the  correlation 
coefficients  calculated  from  this  analysis  have  not  been  derived 
from  data  selected  in  this  way  and,  for  this  reason,  the  dates 
cannot  be  expected  to  display  the  same  degree  of  relative  homogen¬ 
eity  as  might  otherwise  have  been  the  case.  The  following 
discussion,  in  consequence,  affords  an  assessment  of  the  hydro- 
climatic  differences  and  similarities  among  stations  in  this 
analysis  with  the  objective  of  providing  further  insight  into  the 
validity  of  the  measurements. 

The  dates  derived  in  this  analysis  have  been  obtained  from  four 
estuarine  locations  on  rivers  draining  north-eastwards  into  Hudson 
Bay.  Global  climatic  maps  generally  assign  these  four  stations  to 
the  same  climatic  type,  namely  Dfc  in  the  case  of  Koppen. 
Thornthwaite's  map  of  global  climates  assigns  Moose,  Albany  and  York 
to  D'  climates  and,  while  it  places  the  Churchill  estuary  in  E' 
climates,  the  bulk  of  its  drainage  basin  is  D' .  Throughout  this 
region  of  subdued  relief,  climatic  gradients  are  gentle  yet 
cumulative,  so  that  stations  such  as  Moose  and  Albany  which  are 
only  90  miles  apart  are  very  similar  climatically,  while  substant¬ 
ial  climatic  contrasts  develop  over  the  560  miles  separating  York 
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and  Albany.  This  remote  northern  area  of  Canada  lacks  the  dense 
network  of  climatological  observations  which  would  be  required  to 
identify  local  climatic  trends  but  the  evidence  of  vegetation 
testifies  to  the  essential  climatic  similarities  between  Moose  and 
Albany  and  between  York  and  Churchill,  as  well  as  to  the  substantial 
differences  between  these  northern  and  southern  pairs  of  estuaries. 
Thompson,  for  example,  has  pointed  out  that  "the  lands  surrounding 
Hudson  Bay  are  mostly  unforested. .. essentially  then,  Hudson  Bay 
and  its  environs  have  a  typically  Arctic  climate....  In  contrast 
to  the  broad  expanses  of  Arctic  tundra  that  surround  Hudson  Bay, 
the  sub-Arctic  lands  bordering  James  Bay  are  partially  forested. 
Bryson,  moreover,  has  identified  some  of  the  factors  which  generate 
the  climatic  differences  manifest  in  this  distribution  of  vegetation 
and  identifies  a  dynamic  climatological  boundary  between  Hudson  and 
James  Bay. 

The  climatological  similarities  between  York  and  Churchill  are 
not  paralleled  by  equivalent  hydrological  similarities.  When  the 
hydrological  properties  of  rivers  are  compared,  broad  affinities 
emerge  among  the  Hayes,  Albany  and  Moose  Rivers  while  the  Churchill 
is  in  important  respects  unique.  The  drainage  basins  of  the  former 
three  cover  31,200,  45,400  and  42,700  square  miles  respectively,  and 
are  small  in  comparison  to  the  109,100  square  miles  of  the  Churchill 
basin.  The  three  smaller  basins,  moreover,  are  generally  related  in 
terms  of  basin  shape,  drainage  density,  stream  pattern  and  incidence 
of  lakes,  while  the  Churchill  basin  is  comparatively  elongated  and 
highly  festooned  by  lakes.  The  effects  of  these  differences  are 
clearly  manifest  in  discharge  data  for  the  Moose,  Albany  and  Churchill 
Rivers  as  shown  in  Fig.  7.2.  The  hydrographs  of  the  Moose  and  the 
Albany  Rivers  are  characterized  by  a  dramatic  increase  in  streamflow 

5.  Thompson,  H.A. ,  "Climate  of  Hudson  Bay,"  in  C.S.  Beals  (ed.), 
Science,  History  and  Hudson  Bay,  Vol.  2,  Ottawa,  1968,  pp.  267. 

6.  Bryson,  Reid  A.,  "Air  Masses,  Streamlines  and  the  Boreal  Forest," 
Geographical  Bulletin,  Vol.  8,  1966,  pp.  228-269. 
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Source:  Canada,  Dept,  of  the  Environment,  Inland  Waters  Directorate, 

Historical  Streamflow  Summary,  Ontario,  Ottawa,  1972;  Idem. , 
Historical  Streamflow  Summary,  Manitoba,  Ottawa,  1972. 


Fig.  7.2  MONTHLY  MEAN  DISCHARGES  OF  ALBANY  RIVER  (1965-70), 

CHURCHILL  RIVER  (1960-70)  AND  MOOSE  RIVER  (1959-70). 
(Each  station  is  located  in  the  lower  reaches  of 
the  river) . 
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Fig.  7.3  DAILY  MEAN  DISCHARGES  OF  THE  ALBANY  AND  MOOSE  RIVERS 
IN  1967  AND  1968.  (Each  station  is  located  in  the 
lower  reaches  of  the  river) . 
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in  spring  which  discharges  volumes  of  water  in  the  order  of  ten 
times  that  of  the  late  winter  values.  This  feature  is  quite  absent 
from  the  Churchill  River  in  consequence  of  its  length  and  reservoir 
capacities,  but  it  is  generally  found  in  the  hydrographs  of  the 
rivers  flowing  into  the  Hudson  and  James  Bay.  Unfortunately, 
comparable  data  are  not  available  from  near  the  mouth  of  the  Hayes, 
but  the  broad  hydrological  characteristics  noted  above  strongly 
suggest  that  the  Hayes  River  is  more  akin  in  its  discharge  charac¬ 
teristics  to  the  Moose  and  Albany  than  to  the  Churchill.  The  hydro- 
logical  homogeneity  between  the  Moose  and  the  Albany  Rivers  is 
vividly  illustrated  in  Fig.  7.3,  which  contains  daily  discharges  of 
these  rivers  over  a  period  of  two  years. 

Climatological  and  hydrological  characteristics  combine  to 
indicate  that  the  greatest  physical  homogeneity  among  the  four 
stations  exists  between  Moose  and  Albany.  These  two  stations,  in 
consequence,  can  be  assumed  to  offer  the  best  opportunities  for 
testing  the  validity  with  which  the  content  analysis  has  yielded 
dates  of  break-up  and  freeze-up.  Tables  7.1a-c  and  Figs.  7.1a-c 
indicate  that  relative  homogeneity  of  dating  categories  1  and  5 
between  Moose  and  Albany  is  high  in  comparison  to  that  apparent 
in  modern  Canadian  observations  of  freeze-up  and  break-up.  It 
might  be  objected  that  this  comparison  is  biased  by  the  brevity 
of  the  contemporary  record  since  the  coefficients  in  Tables  7.1a-c 
are  often  based  on  periods  of  record  which  are  more  than  10  times 
greater  than  that  generally  used  by  Singh.  However,  this  objection 
can  be  mitigated  by  dividing  the  historical  period  into  intervals 
of  14  years  and  calculating  the  correlation  coefficient  for  each 
14-year  period.  Table  7.2  contains  correlation  coefficients  of 
Dating  Category  5  between  Moose  and  Albany  calculated  for  14-year 
periods . 

The  general  conclusion  to  be  drawn  from  the  correlation 
coefficients  between  the  dates  of  Dating  Category  5  at  Moose  and 
Albany  when  compared  with  those  obtained  by  Singh  is  that  they 
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TABLE  7 . 2  CORRELATION  COEFFICIENTS  OF  DATING  CATEGORY  5  BETWEEN 
MOOSE  AND  ALBANY  IN  14-YEAR  PERIODS 


Period 

Correlation 

Coefficients 

Number  of  pairs 
of  observations 

1736-49 

0.84 

10 

1750-63 

0.71 

13 

1764-77 

0.74 

14 

1778-91 

0.58 

13 

1792-1805 

0.73 

12 

1806-19 

0.94 

13 

1820-33 

0.96 

11 

1834-47 

0.93 

11 

1848-61 

0.84 

14 

indicate  a  degree  of  validity  of  measurement  which  is  as  high 
as  that  characteristic  of  the  modern  network. 

It  should  be  stressed  that  this  remarkable  result  has  been 
obtained  by  comparing  dates  obtained  independently  at  Moose  and 
Albany.  In  the  Appendix  these  are  identified  as  primary  dates  and 
are  distinguished  from  inferred  dates  which  are  derived  indirectly 
and  which  are  not  independent  in  origin.  The  validity  testing  has 
been  based  entirely  upon  the  primary  dates. 
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APPENDIX 


TABLES  OF  PRIMARY  AND  INFERRED  DATES 


Two  types  of  dates  are  contained  in  the  lists  of  dates  of 
break-up  and  freeze-up  shown  in  Tables  A. 6,  A. 7  and  A. 8.  The 
primary  dates  are  those  obtained  directly  by  the  content  analysis 
and  comprise  Dating  Categories  I,  3  and  5  at  the  places  where  the 
journals  were  kept.  The  lists  of  primary  dates  are  interrupted  by 
gaps  occasioned  either  by  real  breaks  in  the  journals  or  by  the 
absence  from  the  journals  of  the  information  needed  to  directly  fix 
dates  in  these  categories  in  particular  years.  Many  of  the  gaps 
among  the  primary  dates  in  Tables  A. 6,  A. 7  and  A. 8  are  filled  in  by 
inferred  dates  which  have  been  derived  indirectly  from  the  content 
analysis.  The  procedures  whereby  the  inferred  dates  were  estimated 
are  outlined  below. 

The  general  procedure  for  inferring  dates  adopts  the  principle 
that,  when  two  sets  of  dates  are  significantly  correlated,  a  missing 
value  in  one  set  may  be  inferred  by  regression  analysis  if  its 
counterpart  exists  in  the  other  set.  This  procedure  has  been  applied 
in  the  following  circumstances: 

A.  When  the  two  sets  of  dates  are  of  the  same  dating  category 
and  from  different  estuaries; 

B.  When  the  two  sets  of  dates  are  of  the  same  dating  category 
and  from  different  dating  places  or  zones  at  a  particular 
estuary; 

C.  When  the  two  sets  of  dates  are  of  different  dating  categories 
and  from  the  same  dating  place  at  a  particular  estuary. 
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A.  Inferences  from  the  Same  Dating  Category  from  Different 

Estuaries 

Table  7.1  contains  the  correlation  coefficients  between  dates 
of  Dating  Category  I,  Dating  Category  3  and  Dating  Category  5 
observed  at  each  of  the  estuaries.  It  was  arbitrarily  decided  that 
dates  would  be  inferred  only  when  the  sets  of  dates  are  correlated 
at  the  99.5  percent  level  of  significance.  In  the  case  of  Dating 
Category  I,  this  level  of  significance  is  only  achieved  between  the 
dates  at  Moose  and  Albany.  In  Dating  Category  3,  it  is  achieved 
between  the  following  pairs  of  stations:  Churchill  Factory  1  and 
Albany;  Churchill  Factory  1  and  Moose;  York  Factory  1  and  2  and 
Albany;  Albany  and  Moose.  In  Dating  Category  5,  significance  at 
this  level  is  only  achieved  between  Moose  and  Albany.  Therefore, 
opportunities  for  inferring  unknown  dates  from  known  dates  at 
different  estuaries  exist  between  the  pairs  of  estuaries  shown  in 
Table  A.l. 


TABLE  A.l  PAIRS  OF  ESTUARIES  BETWEEN  WHICH  UNKNOWN  DATES  CAN  BE 
•  DERIVED  FROM  KNOWN  DATES  BY  REGRESSION  ANALYSIS 


Dating 

Category  1 

Dating 

Category  3 

Dating 
Category  5 

Moose-Albany 

Churchill-Albany 

Churchill-Moose 

York- Alb any 

Alb any -Moose 

Moose-Albany 

B.  Inferences  from  Same  Dating  Category  at  Different  Dating  Places 

or  Zones  at  the  Same  Estuary 

Likewise,  correlation  analysis  was  used  to  indicate  the  oppor¬ 
tunities  for  deriving  unknown  dates  from  known  dates  of  the  same 
dating  category,  established  at  adjacent  dating  places  or  zones  in 
the  same  estuary.  References  to  Dating  Category  1  at  places  or  zones 
other  than  the  place  where  the  journal  was  kept  were  so  few  that  in 
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no  case  was  it  practical  to  estimate  Dating  Category  1  in  this  way. 
1.  Dating  Category  3 

At  Churchill,  Dating  Category  3  was  generally  highly  correlated 
between  the  various  dating  places  and  zones  (Table  A. 2).  These 

TABLE  A. 2  CORRELATION  COEFFICIENTS  BETWEEN  DATES  OF  DATING 

CATEGORY  3  OBTAINED  AT  THE  DATING  PLACES  AND  ZONES, 
CHURCHILL.  (The  coefficient  needed  for  significance 
at  the  99.5  per  cent  level  is  shown  in  parenthesis.) 


Churchill 

Factory  1 

Churchill 

Factory  2 

Above  Mosquito  Point 

0.77 

(0.45) 

0.81 

(0.49) 

Mosquito  Point 

0.81 

(0.45) 

0.78 

(0.49) 

Mosquito  Point  to 
Churchill  Factory  2 

0.90 

(0.45) 

0.90 

(0.50) 

Churchill  Factory  1 

0.85 

(0.45) 

Churchill  Factory  1  to 
Churchill  Factory  2 

0.86 

(0.45) 

0.99 

(0.45) 

results  indicate  that  an  unknown  date  at  Churchill  Factory  1  or  2 
can  be  inferred  from  a  known  date  at  any  of  the  remaining  dating 
places  or  zones  using  regression  analysis. 

Similar  coefficients  derived  at  York  are  shown  in  Table  A. 3. 
These  results  indicate  that  an  unknown  Dating  Category  3  at  York 
Factory  1  can  be  inferred  from  a  known  date  from  any  other  place  or 
zone,  but  that  unknown  values  at  York  Factory  2  can  only  be  inferred 
from  known  values  in  the  zone  York  Factory  1  to  Point  of  Marsh  and 
at  Point  of  Marsh. 

At  Albany  and  at  Moose  the  records  of  Dating  Category  1  at  the 
places  where  the  journals  were  kept  were  very  complete,  whereas 
these  records  at  other  places  and  zones  were  very  sparse.  Therefore, 
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TABLE  A. 3  CORRELATION  COEFFICIENTS  BETWEEN  DATES  OF  DATING 

CATEGORY  3  OBTAINED  AT  THE  DATING  PLACES  AND  ZONES, 
YORK.  (The  coefficient  needed  for  significance  at 
the  99.5  per  cent  level  is  shown  in  parenthesis.) 


York  Factory  1 

York 

Factory  2 

Above  Mile  Bluff 

0.62 

(0.49) 

0.23 

(0.76) 

Mile  Bluff 

0.63 

(0.56) 

0.01 

(0.92) 

Mile  Bluff  to 

York  Factory  2 

1.0 

(0.71) 

0.11 

(0.92) 

York  Factory  1  to 

Point  of  Marsh 

0.97 

(0.52) 

0.97 

(0.88) 

Point  of  Marsh 

0.95 

(0.54) 

1.00 

(0.92) 

in  these  estuaries  there  is  no  opportunity  for 

estimating 

unknown 

values  in  this  way. 

2.  Dating  Category  5 

Table  A.  4  contains  the  correlation  coefficients  between 

Dating 

Category  5  derived  at 

the  various 

places  and  zones  at  Churchill. 

TABLE  A. 4  CORRELATION 
CATEGORY  5 
CHURCHILL, 
at  the  99.5 

COEFFICIENTS  BETWEEN  DATES  OF  DATING 

OBTAINED  AT  THE  DATING  PLACES  AND  ZONES, 

(The  coefficient  needed  for  significance 
per  cent  level  is  shown  in  parenthesis.) 

Churchill  Factory  1 

Churchill 

Factory  2 

Above  Mosquito  Point 

0.87 

(0.49) 

0.82 

(0.53) 

Mosquito  Point 

0.87 

(0.40) 

0.87 

(0.44) 

Mosquito  Point  to 
Churchill  Factory  1 

0.89 

(0.39) 

0.80 

(0.46) 

Churchill  Factory  1 

0.86 

(0.35) 

Churchill  Factory  1  to 
Churchill  Factory  2 

0.80 

(0.33) 

0.90 

(0.34) 

The  table  shows  that  any  unknown  Dating  Category  5  at  Churchill 
Factory  1  or  Churchill  Factory  2  can  be  estimated  from  a  known 
value  at  another  place  or  zone. 

The  correlation  coefficients  derived  in  this  way  at  York  are 
given  in  Table  A. 5.  Again,  any  unknown  Dating  Category  5  at  York 
Factory  1  or  York  Factory  2  can  be  derived  from  a  known  value  at 
another  place  or  zone. 

TABLE  A. 5  CORRELATION  COEFFICIENTS  BETWEEN  DATES  OF  DATING 

CATEGORY  5  OBTAINED  AT  THE  DATING  PLACES  AND  ZONES, 
YORK.  (The  coefficient  needed  for  significance  at 
the  99.5  per  cent  level  is  shown  in  parenthesis). 


York 

Factory  1 

York 

Factory  2 

Above  Mile  Bluff 

0.76 

(0.42) 

0.93 

(0.88) 

Mile  Bluff 

0.92 

(0.50) 

Mile  Bluff  to 

York  Factory  2 

0.96 

(0.46) 

0.96 

(0.66) 

York  Factory  1  to 
Point  of  Marsh 

0.78 

(0.32) 

0.89 

(0.46) 

Point  of  Marsh 

0.80 

(0.39) 

0.96 

(0.39) 

The  correlation  coefficients  between  Dating  Category  5  at 
Albany  and  at  the  adjacent  dating  places  and  zones  are  0.94  (Albany 
and  Above  Albany),  0.89  (Albany  and  Albany  to  Ball  Island)  and  0.87 
(Albany  and  Below  Ball  Island) .  Each  of  these  values  greatly 
exceeds  the  value  needed  for  significance  of  the  99.5  per  cent  level 
(0.30,  0.30  and  0.41  respectively).  Hence,  an  unknown  Dating  Cate¬ 
gory  5  at  Albany  can  be  inferred  from  a  known  value  at  any  of  the 
dating  places  and  zones. 

The  following  correlation  coefficients  were  derived  between 
Dating  Category  5  at  Moose  and  at  the  adjacent  places  and  zones: 

0.89  (Moose  and  Above  Haysey) ,  0.92  (Moose  and  Haysey) ,  0.97  (Moose 
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and  Moose  to  Middleborough)  and  1.0  (Moose  and  Middleborough) .  For 
significance  at  the  99.5  per  cent  level,  each  of  these  must  exceed 
0.33,  0.31,  0.35  and  0.92  respectively.  Therefore,  an  unknown 
Dating  Category  5  at  Moose  can  be  inferred  from  a  known  value  at 
any  of  the  dating  places  and  zones. 

C.  Inferences  From  Different  Dating  Categories  at  the  Same 
Dating  Place 

The  third  type  of  inference  derives  an  unknown  dating  category 
of  one  type  from  a  known  dating  category  of  a  different  type  at  a 
particular  dating  place.  However,  many  of  the  dating  categories  are 
so  sparse  that  correlation  analysis  is  not  applicable  and,  in  fact, 
it  is  only  practicable  to  apply  the  method  between  Dating  Category 
1  and  Dating  Category  3  at  a  limited  number  of  locations. 

1.  Churchill  Factory  1 

In  this  case,  the  correlation  coefficient  between  Dating 
Category  1  and  Dating  Category  3  is  only  0.33  which  is  less  than 
the  value  (0.44)  needed  for  significance  at  the  99.5  per  cent  level. 
Therefore,  this  method  of  inference  is  not  applicable  at  Churchill 
Factory  1. 

2 .  York  Factory  1 

Likewise,  the  observed  coefficient  (0.26)  is  less  than  that 
needed  for  significance  (0.3)  and  Dating  Categories  1  and  3  cannot 
therefore  be  used  to  estimate  each  other  at  York  Factory  1. 

3.  Albany 

At  Albany,  the  observed  coefficient  (0.63)  exceeds  that  needed 
for  significance  (0.25)  indicating  that  an  unknown  Dating  Category 
1  can  be  estimated  from  a  known  Dating  Category  3  and  vice  versa. 

4.  Moose 

Here  the  observed  coefficient  (0.49)  exceeds  that  required  for 
significance  (0.30)  and  the  conclusion  is  the  same  as  that  for 
Albany. 

These  observations  indicate  that  there  are  as  many  as  three 
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different  ways  of  inferring  unknown  dates.  Whether  or  not  any  one 
of  these  is  applicable  in  a  particular  case  depends  on  the  fortui¬ 
tous  existence  of  the  required  estimator  date.  If  more  than  one 
type  of  estimator  is  available,  that  which  is  used  to  infer  the 
missing  date  is  the  type  most  highly  correlated  with  the  unknown 
dating  category.  However,  this  method  of  inference  has  been  applied 
in  a  restricted  manner  to  derive  dates  in  Tables  A. 6,  A. 7  and  A. 8. 

It  has  only  been  used  to  infer  dates  in  gaps  within  sequences  of 
primary  dates .  Inference  has  not  been  used  to  generate  long 
sequences  of  dates  prior  to  the  commencement,  or  following  the 
termination  of  primary  dates.  Thus,  the  criterion  used  to  fill  in 
gaps  in  the  primary  dates  is  the  utility  of  this  procedure  for  the 
purpose  of  conducting  time  series  analyses. 
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TABLE  A. 6  PRIMARY  AND  INFERRED  DATES  OF  DATING  CATEGORY  1.  (The  inferred 
dates,  derived  according  to  the  procedures  described  in  this 
appendix,  are  underlined  to  distinguish  them  from  the  primary 
dates  yielded  by  the  content  analysis.  The  numbers  given  are 
days  after  the  beginning  of  the  year.  These  have  been  corrected 
for  leap  years  and  for  the  Gregorian  Calendar  reform  as  described 
in  Chapter  V.) 


rH 

CN 

rH 

CM 

pH 

M 

& 

!H 

U 

5H 

U 

O 

o 

o 

O 

U 

4-1 

4-1 

rH 

CM 

O 

u 

a 

o 

Ph 

cd 

cd 

pH 

!H 

M 

cd 

cd 

PH 

PH 

5m 

Pm 

U 

u 

pH 

Pm 

fn 

H 

5m 

PH 

O 

o 

o 

4J 

O 

O 

P 

4-1 

r— 1 

■U 

4-J 

rH 

<— i 

•U 

•u 

cd 

CJ 

> — 1 

i — i 

a 

a 

i — 1 

rH 

O 

a 

X 

cd 

•H 

•H 

cd 

•H 

•H 

cd 

cd 

rH 

fa 

X 

X 

Pm 

< 

X 

X 

Pm 

Pm 

< 

o 

U 

O 

O 

0) 

u 

u 

X 

X 

U 

5m 

u 

Hi 

Hi 

4-1 

w 

p 

p 

u 

5-J 

u 

P 

p 

5m 

5m 

5m 

o 

X 

X 

o 

O 

o 

o 

X 

X 

O 

O 

O 

o 

u 

u 

pH 

pH 

Pm 

s 

u 

u 

PH 

PH 

Pm 

s 

1714 

278 

1761 

295 

309 

310 

1715 

301 

1762 

277 

277 

298 

301 

1716 

285 

1763 

289 

289 

302 

301 

1717 

285 

1764 

297 

299 

309 

1718 

276 

295 

1765 

323 

290 

295 

295 

1719 

296 

295 

1766 

303 

294 

*> 

297 

301 

1720 

286 

293 

1767 

319 

311 

309 

310 

1721 

291 

305 

294 

1768 

299 

289 

301 

302 

1722 

287 

292 

316 

1769 

281 

290 

290 

1723 

290 

291 

314 

1770 

286 

281 

287 

289 

1724 

287 

287 

300 

1771 

294 

295 

298 

313 

1725 

283 

285 

303 

1772 

296 

305 

317 

317 

1726 

295 

307 

295 

1773 

301 

292 

310 

310 

1727 

293 

302 

1774 

285 

296 

304 

308 

1728 

298 

285 

302 

1775 

304 

270 

310 

312 

1729 

283 

297 

299 

1776 

296 

277 

302 

306 

1730 

280 

287 

312 

1777 

285 

278 

293 

294 

1731 

311 

311 

295 

318 

1778 

288 

292 

310 

310 

1732 

307 

308 

1779 

292 

305 

308 

309 

1733 

287 

288 

295 

1780 

284 

302 

307 

1734 

276 

277 

285 

1781 

289 

301 

312 

1735 

305 

301 

311 

1782 

292 

304 

1736 

287 

289 

310 

310 

1783 

302 

310 

305 

305 

1737 

297 

270 

304 

307 

1784 

291 

290 

294 

296 

1738 

295 

299 

303 

1785 

280 

286 

299 

299 

1739 

316 

317 

1786 

289 

288 

299 

304 

1740 

282 

283 

297 

299 

1787 

276 

299 

302 

1741 

287 

287 

294 

307 

1788 

292 

299 

304 

1742 

281 

286 

303 

303 

1789 

295 

297 

299 

1743 

273 

295 

308 

307 

1790 

282 

300 

298 

1744 

293 

294 

308 

311 

1791 

276 

284 

281 

1745 

281 

281 

283 

301 

304 

1792 

282 

277 

294 

295 

1746 

291 

288 

301 

303 

1793 

288 

297 

292 

1747 

288 

287 

321 

321 

1794 

288 

272 

293 

294 

1748 

289 

288 

297 

297 

1795 

283 

291 

299 

299 

1749 

283 

282 

300 

300 

1796 

289 

290 

311 

315 

1750 

281 

293 

302 

305 

1797 

291 

291 

308 

308 

1751 

281 

292 

299 

299 

1798 

289 

307 

309 

1752 

304 

291 

298 

296 

1799 

303 

308 

1753 

302 

299 

298 

301 

303 

1800 

280 

309 

315 

1754 

294 

294 

303 

309 

1801 

290 

282 

1755 

283 

283 

282 

297 

1802 

290 

290 

297 

1756 

283 

283 

299 

305 

1803 

301 

301 

301 

1757 

293 

285 

299 

306 

1804 

296 

304 

301 

1758 

280 

280 

302 

303 

1805 

287 

293 

296 

1759 

289 

299 

303 

304 

1806 

300 

303 

1760 

310 

297 

295 

308 

1807 

293 

298 

302 

1808 

1809 

1810 

1811 

1812 

1813 

1814 

1815 

1816 

1817 

1818 

1819 

1820 

1821 

1822 

1823 

1824 

1825 

1826 

1827 

1828 

1829 

1830 

1831 

1832 

1833 

1834 

1835 

1836 

1837 

1838 

1839 

1840 

1841 

1842 

1843 

1844 

1845 

1846 

1847 

1848 

1849 

1850 


1  1  5 


rH 

CM 

i — i 

CM 

>> 

u 

U 

U 

u 

o 

O 

o 

o 

•u 

•U 

rH 

CM 

4-1 

•U 

u 

o 

o 

o 

>> 

ccJ 

<0 

c0 

c0 

U 

tn 

Em 

P-i 

u 

o 

pM 

P4 

P4 

o 

o 

o 

3 

4-1 

o 

o 

3 

4J 

rH 1 

rH 

4-1 

4J 

c0 

u 

1 — 1 

i— 1 

4-1 

4-1 

a 

i— 1 

rH 

o 

o 

X> 

c0 

rH 

rH 

o 

CJ 

•H 

•H 

CO 

c0 

rH 

Pm 

•H 

•H 

CO 

CO 

X 

X2 

Pm 

Em 

<d 

rC 

xs 

Em 

C 

u 

O 

<D 

CJ 

O 

<D 

u 

u 

4-1 

W 

u 

p4 

4-1 

CO 

3 

3 

u 

u 

V4 

O 

3 

3 

p4 

P4 

U 

o 

Xi 

X2 

o 

o 

o 

O 

•fi 

rC 

o 

o 

o 

0 

CJ 

u 

>* 

Em 

2 

CJ 

O 

>4 

>* 

Pm 

2 

278 

296 

287 

287 

307 

313 

296 

297 

272 

279 

290 

294 

288 

280 

301 

305 

282 

292 

292 

297 

276 

304 

309 

297 

301 

301 

312 

313 

286 

296 

296 

286 

293 

311 

311 

287 

296 

297 

297 

287 

302 

300 

294 

292 

286 

293 

298 

287 

286 

294 

299 

285 

288 

299 

288 

289 

288 

301 

284 

293 

294 

298 

300 

296 

302 

304 

288 

294 

294 

295 

291 

294 

294 

297 

328 

330 

300 

304 

301 

305 

291 

293 

298 

285 

283 

287 

298 

302 

282 

299 

300 

288 

293 

293 

284 

298 

306 

299 

300 

303 

303 

288 

294 

294 

298 

298 

300 

295 

297 

301 

291 

291 

302 

305 

291 

294 

297 

293 

291 

292 

304 

283 

283 

286 

292 

315 

292 

295 

285 

294 

297 

300 

290 

308 

293 

297 

331 

332 

279 

299 

321 

1851 

294 

300 

302 

1852 

297 

287 

311 

1853 

298 

304 

1854 

284 

306 

308 

1855 

274 

299 

304 

1856 

272 

308 

305 

1857 

291 

304 

317 

1858 

311 

307 

314 

1859 

287 

293 

293 

1860 

312 

313 

1861 

290 

311 

335 

1862 

285 

298 

299 

1863 

292 

299 

300 

1864 

295 

306 

309 

1865 

296 

298 

302 

1866 

294 

301 

305 

1867 

308 

309 

1868 

1869 

1870 

310 

1  1  6 


TABLE  A. 7  PRIMARY  AND  INFERRED  DATES  OF  DATING  CATEGORY  3.  (The  inferred 
dates,  derived  according  to  the  procedures  described  in  this 
appendix,  are  underlined  to  distinguish  them  from  the  primary 
dates  yielded  by  the  content  analysis.  The  numbers  given  are 
days  after  the  beginning  of  the  year.  These  have  been  corrected 
for  leap  years  and  for  the  Gregorian  Calendar  reform  as  described 
in  Chapter  V.) 
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